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PREFACE 

The  treatment  of  the  subject  matter  of  Historical  Geology  employed 
in  the  present  volume  is  a  somewhat  radical  departure  from  that  usually 
followed  in  textbooks  of  this  class.  I  have  placed  the  emphasis  upon 
stratigraphic  development  rather  than  biologic,  because  I  believe  that 
the  former  is  more  readily  grasped  by  the  student  and  will  have  greater 
interest  for  him.  The  biological  aspect  has  not  been  neglected,  but  its 
treatment  has  been  segregated  mainly  in  special  chapters.  Thus  there 
is  an  introductory  chapter  in  which  the  classification,  structural  char- 
acters, and  life  habits  of  plants  and  animals  are  considered,  with  illus- 
trations drawn  largely  from  modem  types.  A  separate  chapter  treats 
of  the  life  of  the  Palaeozoic  after  the  Pakeozoic  systems  have  been  dis- 
cussed. Here  the  endeavor  has  been  to  present  the  development  of  life 
during  the  Palaeozoic  in  a  sequential  manner,  the  classes  being  discussed 
separately.  A  similar  treatment  is  accorded  the  life  of  the  Mesozoic 
after  the  chapters  on  Mesozoic  stratigraphy.  The  life  of  the  Tertiary 
and  that  of  the  Quaternary  are  treated  in  separate  chapters  following  the 
stratigraphic  discussion. 

The  chapters  dealing  with  the  systems  have  generally  been  arranged 
according  to  a  uniform  plan.  After  a  brief  historical  consideration  and 
generally  a  table  of  the  subdivisions,  several  characteristic  sections  are 
desaibed  and  illustrated  with  sections  and  typical  figures  of  a  few 
fossils.  Then  the  stratigraphic  development  in  America  and  Europe 
is  discussed  and  illustrated  with  ideal  sections  and  palaeogeographic 
maps,  to  show  the  relationship  of  the  formations  at  the  time  of  forma- 
tion and  the  geographic  conditions  which  determined  their  distribution 
and  character.  Some  teachers  will  find  that  the  fossils  here  given  are 
sufficient  for  the  needs  of  the  elementary  student,  while  for  those  desir- 
ing to  give  a  more  extended  survey  of  the  index  fossils  of  each  system, 
the  section  on  the  life  of  the  period,  with  its  greater  abundance  of  illus- 
trations, wtH  serve  as  a  text. 

The  illustrations  have  been  drawn  from  many  sources.  Photographs 
of  typical  Nipw  York  State  localities  were  loaned  by  the  New  York  State 
Museiun,  Dr.  John  M.  Clark,  Director.  Others  were  obtained  from  the 
United  States  Geological  Survey,  Dr.  George  Otis  Smith,  Director.  The 
Popular  Science  Monthly  also  loaned  a  ntmiber  of  photographs,  while  a 

large  number  of  photographs  of  the  skeletons  and  restorations  of  reptiles 

... 
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and  mammals  were  obtained  from  the  American  Museum  of  Natural 
History.  To  these  institutions  and  the  gentlemen  who  represent  them, 
my  best  thanks  are  due.  Other  photographs  have  been  received  from 
individuals  as  acknowledged  in  their  proper  places.  Illustrations  of 
fossils  and  a  number  of  sections  and  other  illustrations  were  taken  from 
various  books,  the  principal  ones  being  indicated  by  letters  as  follows : 
Kayser's  Geologische  PamuUionskunde  (K);  Hang's  TraiU  de  Giologie 
(Hg) ;  Stdnmann's  EinfUhrung  in  die  Paldontologie  (S) ;  Zittel,  Grund- 
zUge  der  Paldontologie  (Z) ;  Grabau  and  Shimer's  Narih  American  Index 
Fossils  (I.  F.).  From  the  latter  wOrk  the  original  soiirces  of  illustrations 
of  the  fossils  can  be  obtained.  The  publications  of  the  United  States 
Geological  Survey,  the  Geological  Survey  of  New  York,  and  others  have 
been  freely  drawn  upon  for  illustrations.  Sections  from  my  field  notes 
both  in  America  and  Eiirope  have  been  introduced  whenever  such  sec- 
tions seemed  caUed  for  to  illustrate  the  text.  Original  illustrations  have 
been  prepared  by  Miss  Mary  WeUeck,  and  in  the  preparation  of  the 
sections  and  the  pakeogeographic  maps  I  have  had  the  efficient  assistance 
of  Miss  Welleck  and  Mrs.  M.  Tucker. 

In  preparing  the  text  for  the  press,  I  have  again  had  the  able  assistance 
of  my  former  student.  Miss  Mary  Welleck,  who  also  assisted  in  the  proof 
reading.  The  entire  proof  was  also  read  by  my  friend,  Mr.  Ernest  Wel- 
leck, of  the  editorial  staff  of  the  Popular  Science  Monthly.  To  these 
friends  my  best  thanks  are  given.  To  Dr.  Marjorie  O'Connell  I  am 
especially  indebted  for  careful  and  ef&cient  work  on  the  proof  and  illus- 
trations. Finally  to  all  colleagues  who  by  criticism  or  otherwise  have 
helped  me  to  eliminate  errors  and  clarify  the  presentation  of  the  great 
subject  of  Earth  Evolution,  I  herewith  tender  my  most  sincere  thanks. 
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CHAPTER  XXIV 

CHRONOLOGICAL  CLASSIFICATION  OF   THE  ItOCKS  OF 

^  THE  EARTH'S  CRUST  -  '/ 

#  > 
•  * «  tf 

A  CHRONOLOGICAL  classification  of  rocks  differs  from  a  lilho-* 
logical  one,  in  that  it  takes  account  primarily  of  their  age  rela- 
tions, and  considers  their  lithic  character  of  secondary  importance. 

Units  of  Chronological  Classification 

Formations 

The  unit  of  chronological  classification  of  rocks  is  the  formation, 
a  term  of  somewhat  variable  applicability  and  first  proposed  in 
the  middle  of  the  eighteenth  century  by  Fuchsel.  A  formation 
may  be  either  igneous  or  sedimentary.  In  the  latter  case  it  may 
include  either  a  single  stratum  or  several  strata.  All  the  mem- 
bers of  a  formation,  however,  were  formed  during  a  limited 
time  period  in  the  history  of  the  earth.  Ordinarily  a  formation  is 
delimited  on  a  lithological  basis,  and  it  is  made  to  include  between 
its  upper  and  lower  limits  either  rocks  of  uniform  character  or  rocks 
more  or  less  uniformly  varied,  as,  for  example,  a  rapid  alterna- 
tion of  shale  and  limestone  strata.  Such  formations  are  given 
local  names,  the  name  selected  being  that  of  a  town  or  of  a  river  or 
other  natural  object  with  which  the  formation  is  associated. 

Formations  are  limited  in  horizontal  extent,  because  the  condi- 
tions favoring  their  deposition  were  local  and  varied  from  place 
to  place.  Thus  two  formations  of  different  lithological  character 
will  be  formed  at  the  same  time  in  two  distant  localities.  If  it 
can  be  determined  that  these  two  formations  are  exact  equivalents, 
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the  same  name  may  be  applied  to  both,  irrespective  of  their 
lithology.    This  determination,  however,  is  not  generally  possible, 
especially  during  the  earlier  stages  of  the  study  of  a  region,  and  thus 
the  two  formations  will  be  given  sepai^te  names. 
It  often  happens  that  what  aj)pe2^rs  to  be  a  single  lithological 

unit,  such  as  a  shale,  or  a  se<des  of  limestone  beds,  turns  out  on 

*.  - 

closer  study,  especially  of.  it? 'organic  remains,  to  include  two  or 

more  distinct  formatioas.r  Then  the  old  name  of  the  compound 

•  •    • 

formation  has  to  be  dJrd^ped  and  new  names  must  be  given  to  the 
several  divisions  t^uS'iiielimited,  or  the  old  name  may  be  restricted 
to  a  part  of  th*<!-pompound  series. 


•-• 


Systems  of  Formations 

Potations  which  have  a  certain  unity  of  character,  especially 
iii*'lIteV)rganic  remains  which  they  contain,  are  grouped  together 
tc^  Wrm  geological  systems.  The  establishment  of  geological  sys- 
tems has  been  gradual  in  the  history  of  the  science,  new  ones  being 
added  from  time  to  time  to  those  recognized  before.  Such  new  sys- 
tems were  in  some  cases  made  by  the  division  of  the  older  ones, 
while  in  others  it  was  recognized  that  two  systems,  found  to  be  in 
close  juxtaposition  in  one  region,  were  separated,  at  another  locality, 
by  a  system  not  previously  recognized.  In  general,  the  upper  and 
lower  limits  of  geological  systems  are  fairly  well  defined  in  most 
countries,  but  in  some  sections  the  limitation  may  not  be  so  readily 
determinable,  and  systems  which  appear  to  be  a  unit  in  one  region 
may,  in  another,  show  characters  which  would  suggest  their  sub- 
division into  two  or  more  systems.  Since  the  classification  has 
been  one  of  historic  growth,  it  is  desirable  briefly  to  outline  its 
development. 

History  of  Development  of  Chronological 

Classification 

Classification  of  Primary  Divisions.  — The  earlier  geologists  had 
no  understanding  of  the  real  time  relations  of  the  rocks  of  the 
earth's  crust,  nor  did  they  realize  that  there  was  such  a  thing  as  a 
successive  series  of  rock  formations  which  could  be  recognized  as 
the  same  if  found  in  other  localities.  It  was  not  until  the 
eighteenth  century  that  the  idea  of  the  successive  origin  of  rock 
formations  was  grasped  and  that  chronological  or  stratigraphic 
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geology  had  its  inception.  This  took  place  almost  simultaneously 
in  the  different  European  countries  where  geology  was  cultivated. 
In  England,  we  are  told,  John  Strachey  was  the  first  to  recognize 
the  succession  of  formations  in  the  coal-fields,  and  that  although 
these  strata  were  inclined,  they  were  succeeded  by  nearly  horizontal 
formations  ranging  from  the  Red  Marl  (Triassic)  to  the  Chalk. 
This  view  was  published  in  1719  and  1725.  In  Italy,  Giovanni 
Arduino  (1713-1795)  classified  the  rocks  of  the  north  of  Italy  into 
(a)  Primitive,  comprising  the  schists  and  other  rocks,  which  form 
the  core  of  the  mountains ;  (b)  Secondary  y  comprising  the  stratified 
fossiliferous  rocks  which  overlie  these;  (c)  Tertiary,  the  disinte- 
grated sand  and  other  loose  material  which  often  contains  the 
remains  of  land  animak  and  plants;  and  (d)  Volcanic,  rocks 
which  consist  of  the  lavas  and  tuffs  produced  by  repeated  volcanic 
eruption.  • 

In  Germany,  the  chronological  relation  of  the  stratified  to  the 
older  rocks  and  to  the  unconsolidated  material  overlying  them 
was  independently  recognized  by  Johann  Gottlob  Lehman,  whose 
studies  were  published  in  1756  and  Georg  Christian  Fiichsel,  whose 
works  appeared  in  1762  and  1773.  Lehman's  studies  were  carried 
on  in  the  Harz  Mountains  and  in  the  Erzgebirge,  that  range  of 
mineral-bearing  hills  between  Saxony  and  Bohemia  which  has 
played  such  an  important  part  in  the  development  of  both  mining 
and  geological  thought.  In  the  cores  of  both  these  mountain 
masses,  he  recognized  the  older  or  Primitive  rocks  (Urgebirge), 
which  were  the  first  to  be  formed  in  the  making  of  the  earth.  In 
many  exposures  in  the  vicinity  of  Dresden  and  elsewhere  in  the 
mountains  on  the  Bohemian  border,  these  old  rocks,  consisting  of 
porphyries,  of  granites,  inclined  schists,  etc.,  are  abruptly  covered 
by  horizontal  strata,  beginning  generally  with  conglomerates, 
which  are  succeeded  by  sandstones,  followed  by  limestones,  the 
latter  often  with  many  fossils  (Fig.  735).  All  of  these  belong  to 
the  system  now  called  Cretaceous.  They  constituted  Lehman's 
second  division,  and  he  designated  them  by  the  current  miner's 
term  of  FWtzgebirge,  which  signifies  horizontally-lying  rocks.  He 
recognized  that  they  were  formed  as  successive  layers  by  sedi- 
mentation in  water  which  once  covered  the  re^on,  and  that  they 
succeeded  one  another  in  a  definite  and  recognizable  order  within 
the  district.  Overlying  these  stratified  deposits  were  the  uncon- 
solidated series  of  gravek,  sands,  and  loess  which  were  designated 
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Aliunum  (,Angeschwemmtgebirge),  and  r^arded  as  the  depodts 
formed  by  the  Noachian  Deluge.  These  we  now  know  to  be,  in 
part  at  least,  of  glacial  origin.  The  general  relationships  of  tbese 
fonnations  are  ^own  in  the  following  diagram  (Fig.  735).    A  view 


Fig.  735.  —  Section  b  the  "Saxon  Switzerland"  near  Pinu,  with  the  valley 
of  the  Elbe  OD  tfaeright.sbowingtherelationihipaof  thefotmationsin  tbcTe^oo 
studied  by  Werner,  i.  Urgtbirgt,  or  Primary  rocks.  Gneiss,  schist,  syenite, 
etc.,  ending  above  in  an  unweatliered  erosioD  surface  b  which  pot-h^e-like 
d^ressions  are  frequently  found.  9.  PUttgdnrgr,  or  SecOtidary  racks.  Cre- 
taceous, (aa,  b,  Cenomoiuan;  2c-^,  Tunmian.)  sa.-  Basal  congloinerate  and 
Lower  "Quader"  sandstone,  replaced  laterally  by  Plfljier  {see  Fig.  737a). 
tb.  Carinalus  Plfiner.  Thin-bedded  limestones  withOjirwconntfto.  at.  Middle 
Quader  aai>dBtone  replaced  near  Dresden  by  Labiatus  Pliiner,  or  thin  limestone, 
with  Inaeeramitz  labiatus  (Fig.  id^g  a).  3d.  Thin-bedded  limestones  and 
marls  with  Iiiccerawus  brongniarU  (Fig,  1740)  {Brongniarti  Planer),  le.  Upper 
Quader  sandstone,  forming  picturesque  cliffs  above  the  Elbe  Rivet  (see 
Fig.  736),  3.  AngfsdnpemMgebirge  ot  Attuiium.  Glacial  deposits  andloess. 
(Original.) 


of  the  cliff  of  Secondary  sandstone  (Fliftzgebirge)  exposed  on  the 
Elbe  is  shown  in  Fig.  736.  The  rock  is  strongly  jointed,  and  dis- 
integration and  deflation  have  produced  picturesque  pillars, 
buttresses,  and  other  erosion  forms  which  simulate  an  alpine 
landscape  and  have  suggested  the  name  Sajion-Bobemiao-Switzer- 
land  (SUcksish-BSkmische-SchiDeis)  for  the  region.  Two  other 
sections,  showing  the  relationships  of  the  formations  in  the  vicinity, 
are  given  in  Figs.  737  a,  b. 

Fiichsel's  studies  were  made  in  the  hills  of  the  Thuring^an  Forest, 
the  core  of  which  consists  of  andent  rocks,  chiefly  crystalline 
schist  and  granites.  On  their  flanks  lies  a  great  series  of  stratified 
rocks  with  a  gentle  inclination,  ranging  from  the  coal-bearing  beds, 
or  from  the  Permian,  to  the  Muschelkalk  or  the  Keuper  Marls 
(Triassic).  He  considered  that  these  inclined  strata  were  originally 
deposited  in  a  horizontal  manner  and  that  their  present  position 
was  due  to  disturbance.  He  also  held  that  the  formation  of  these 
deposits  took  place  during  a  definite  period  in  the  history  of  the 
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Fig.  736.  —  Cliff  of  Secondary  sandstone  (Quader  sandstone)  above  the 
Elbe  River,  near  the  Saxon-Bohemian  border  (Bastei).  See  section 
Fig.  735  at  *. 
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earth  and  that  similar  formations  were  deposited  elsewhere  during 
the  same   period.    Overlying  the  Muschelkalk  or  the  Keuper 

Marl  ID  the  Thuringian 
region  is  the  unconsoli- 
dated  material  spoken  of 
as  Alluvium,  and  this 
was  regarded  by  Fiichsel 
as  the  record  of  the 
Great  Deluge.  The  fol- 
lowing section  (Fig.  738) 
shows  this  arrangement 
of  the  strata.  Thus  it 
will  be  seen  that  although 
Lehman  and  Ftlchsd 
recognized  the  same  gen- 
eral succession  of  ancient 
rocks,  of  Fldtz  formations 
(Secondary),  and  of  Al- 
luvium, the  Fl6tz  forma- 
tions of  the  two  were 
not  the  same,  those  of 
Fiichsers  region  being 
older  (Permian  and  Tri- 
assic)  than  those  of 
Saxony  (Cretaceous), 
which,  in  turn,  are  want- 
ing in  the  Thuringian 
region. 


FiG-  737^'  —  Section  of  the  rocks  in  the 
Plauen  Gorge  (Plauenscher  Grund)  near  Dres- 
den, Saxony,  illustrating  the  relationships  of 
the  formations  studied  by  Werner.  (From 
the  author's  field  studies.)  i.  Urgebirge^  or 
Primary  rocks.  Syenite.  2.  Flotzgehirge^  or 
Secondary  rocks.  Cretaceous.  2a.  Basal  con- 
glomerate I  k  meters  thick,  containing  numerous 
well-rounded  boulders  of  the  syenite,  and  rest- 
ing upon  an  unweathered  erosion  surface  of 
the  latter,  occasionally  filling  ancient  pot-hole- 
like hollows.  The  sandy  matrix  of  the  boulder 
conglomerate  is  highly  fossiliferous  (Ceno- 
manian).  26.  Thin-bedded  limestone  (Planer), 
with  Ostrea  carinata  (Carinatus  Planer,  Ceno- 
manian).  2c.  Similar  beds  with  Inoceramus 
labialus  {Labiaiiis  Plliner,  Turonian).  26  and 
2C  have  a  combined  thickness  of  3  meters. 
3.  AngeschwemnUgebirge  or  Alluvium  (boulder 
clay,  loess,  etc..  Quaternary).    (Original.) 


There  is,  moreover,  no 
agreement  in  the  use  of  these 
terms  by  the  pioneer  Ger- 
man and  Italian  stratig- 
raphers.  The  "Primitive" 
rocks  of  north  Italy  often 
inclose  metamorphosed  Meso- 
zoic  formations,  which  are  of 


the  age  of  the  Secondary 
rocks  of  Germany.  The  "Secondary"  of  Arduino  includes  rocks  now  placed 
in  the  Tertiary,  and  his  Tertiary  corresponded  more  nearly  to  the  Alluvium 
or  Quaternary  series  of  German  and  French  geologists. 
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It  was,  however,  Abraham  Gottlob  Werner,  professor  of  mining 
and  mineralogy  in  the  Mining  Academy  of  Freiburg  in  Saxony, 


Fic.  737  i.  —  Section  near  Dresden,  showing  how,  in  places,  P&beozoic 
(Penman  1-4)  strata  appear  beneath  the  Secondary  or  Mesozoic  (Cretaceous 
5-7)  beds.  (From  the  author's  field  notebook.)  i,  Primary  rock  (syenite); 
3,  lower  Kothliegendes,  besal  sands  and  clays,  gray  sandstone,  shales  and 
coal  with  an  intruded  bed  of  hornblende  porphyry;  3,  middle  Rothliegcndes, 
red  shales,  etc.,  with  a  bed  of  coal;  4,  upper  Rothliegendes,  conglomerates, 
sands,  and  tuSs;  5,  basal  conglomerate;  6,  sandstones,  coals,  limestones, 
and  variegated  shales  with  Oilno  carinala  {Carinatus  FUner);  7,  thin-bedded 
limestone  with  litcctramtu  lobialui  {Labialus  PUner) ;  8,  Alluvium.     (Original.) 

who  made  this  idea  of  geological  succession  the  foundation  of 
the  science  of  geology  as  then  understood.  This,  as  we  have  seen, 
was  accomplished  chiefly  through  his  teachings  and  the  work,  of 

SW       ^«^  NE 


Fig.  75S.  —  Section  in  the  Thuringian  Mountains  of  Germany,  the  region 
studied  by  Lehman,  extending  from  the  Insclberg  (on  the  left)  northeastward 
to  Waltershausen.  i,  1,  Vrgebirie  or  Printary  rocks  (i,  crystalline  schist, 
3,  intrusive  granite);  3-6,  Fkkgtbirge  or  Secondary  rocks  (3, Kothliegendes, 
'tuffs  and  sandstones  of  Permian  age;  4,  Zechstein,  Pennian  limestone; 
S,  Buntsandstein,  Lower  Triaasic;  6,  Muschelkalk,  Middle  Triassic.  The 
Upper  Triassic  Keuper  occurs  in  other  sections).  7,  Allmivm,  Intnided 
porphyries  in  black,  the  younger  with  white  dots.  Note  that  the  Secondary 
or  Fl6tz  of  this  region  is  older  than  that  of  the  Saxon-Bohemian  region, 
comprising  Triassic  and  late  Palteozoic  (Permian).     (Original.) 

his  pupils.  Werner  promulgated  the  idea  of  universal  formations 
based  on  the  succession  found  in  his  home  region  of  Saxony,  and 
these  he  regarded  as  extending  over  the  entire  globe.    The  fir^t 
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formed  or  Primitive  rocks  ( Urgehirge),  which  he  regarded  as  chemi- 
cal precipitates  from  the  primordial  ocean,  included  granite,  gneiss, 
mica  schists,  slates,  etc.  Upon  these  rest  the  Secondary  rocks,  — 
sandstones,  limestones,  rock-salt,  etc.,  and  upon  these  the  alluvial 
deposits.  He  also  recognized  an  older  series  of  rocks  consisting 
of  graywackes,  slates,  and  limestones,  between  the  Primitive  and 
the  Secondary  series,  and  these  he  called  Transition  rocks,  holding 
them  to  have  been  deposited  during  the  passage  or  transition  of 
the  earth  from  its  chaotic  to  its  habitable  state.  In  these  rocks 
are  found  the  oldest  organic  remains  and  they  mark  the  change 
from  chemical  to  mechanical  deposition.  They  comprise  a  part  of 
what  we  now  call  the  Paleozoic  series. 

At  the  beginning  of  the  nineteenth  century  the  rocks  of  the 
Paris  Basin  were  studied  by  Cuvier  and  Brongniart,  who  found 
that  between  the  chalk  beds,  which  belonged  to  the  Secondary 
division  of  the  German  geologists,  and  the  Alluvium,  there  was 
a  great  series  of  clays,  sandstones,  limestones,  marls,  and  gypsum 
beds,  partly  of  marine  and  partly  of  fresh-water  origin,  with  shells 
and  the  remains  of  vertebrates  unlike  any  found  either  above  or 
below.  They  also  noted  a  remarkable  constancy  in  the  succession 
of  the  formations,  and  further  ,found  that  these]  beds  could  be 
recognized  from  point  to  point  by  the  fossils  which  they  contained. 
Thus  a  new  series  of  strata  was  recognized  between  the  Sec- 
ondary and  the  Alluvium,  one  not  found  in  the  region  studied 
by  the  German  geologists,  though  well  developed  elsewhere  in 
Germany  and  in  the  adjoining  countries.  To  these  the  name 
Tertiary  was  applied,  though  they  represent  only  a  part  of  the 
formations  now  included  in  this  series.  In  much  more  recent 
times,  the  term  Quaternary  series  was  applied  to  the  unconsoli- 
dated (glacial,  etc.)  material  which  was  found  to  lie  upon  the 
Tertiaries  in  one  region  *■  ^pon  the  Secondary  rocks  in 
another. 

Finally,  studies  in  North  ^  ca  and  in  Scandinavia  led  to  a 
Bubdivision  of  the  Primitive  rocks  into  the  Archaean  at  the  bottom 
and  the  Algonkian  above  these,  and  later  to  still  more  detailed 
subdivisions  of  the  oldest  rocks  (see  the  Table,  on  page  20).  Up 
to  this  point,  then,  the  rocks  of  the  earth's  crust  had  become  sub- 
divided into  a  number  of  groups,  representing  the  successive  time 
periods  in  which  they  were  formed.  These,  with  the*,  modern 
equivalents,  are  as  follows :  -     -n 


CHAPTER  XXV 

MAPPING  AND  CORRELATION  OF    GEOLOGICAL 

FORMATIONS 

Geological  Maps  and  Sections 

The  geological  formations  of  a  country  and  the  structure  of  these 
formations  are  recorded  upon  a  geological  map  and  in  geological 
sections. 

Geological  Maps 

Types  of  Geological  Maps.  ^-  Geological  maps  may  be  of  two 

types  -r-  (i)  showing  only  the  outcrops  of  rocks  with  indication 

of  the  dips  and  strikes  and  such  other  structures  as  faults,  etc., 

and  (2)  the  complete  or  interpolated  geological  map  in  which  the 

formations  are  drawn  continuously,  even  over  regions  where  they 

do  not  outcrop.    This  is  the  more  common  type  of  map,  and  the 

more  serviceable,  for  though  it  always  contains  an  element  of  error, 

proportionate  in  magnitude  to  the  intricacy  of  the  structure  of 

the  region,  it  also  presents  a  comprehensive  view  of  the  geology 

of  the  district,  such  as  one  could  not  obtain  without  much  study 

from  the  outcrop  map  alone.    Two  varieties  of  this  type  of  map 

are  again  recognized.    The  first  takes  no  account  of  the  surface 

soil,  drift,  or  vegetation,  but  represents  the  rock  structure  as  it 

probably  would  appear  if  all  th^  mantling  material  were  removed 

so  that  only  the  rock  surface*  i .  j'r.»med.    This  is  the  usual  method 

of  representation  adopted  h\.  *  *  ^^rican  geologists,  as  a  glance  at 

almost  any  American  map  will  auow.    While  more  easily  read  than 

any  other  kind  of  map,  this  type  gives  no  indication  of  the  actual 

outcrops  of  the  rocks,  and  the  geologist  using  such  a  map  in  the  field 

finds  it  frequently  very  tedious  and  time-consiuning  to  locate  the 

exposures.    This  is  obviated  by  the  second  type  of  map,  where 

the  j^ty^itogical  formations  are  colored  throughout,  but  the  surface 

.iiaterial  is  indicated  by  an  over-coloring  which  leaves  the  actual 
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outcrop  areas  untouched.  This  is  a  common  method  of  represen- 
tation adopted  by  European  geologists,  as  a  glance  at  the  Geologi- 
cal Map  of  Ireland  (Bartholomew)  or  the  International  Geologi- 
cal Map  of  Europe  will  show.  It  must  be  acknowledged  that  the 
patchwork  thus  produced  renders  the  reading  of  such  a  map  often 
difficult,  unless  the  over-color  is  very  faint.  For  the  field  ex- 
plorer, however,  this  type  of  map  has  obvious  advantages. 

The  complete  map,  of  course,  embodies  the  geology  of  the  coun- 
try as  interpreted  by  the  maker  of  the  map  (the  geologist),  and  it 
is  based  upon  the  outcrop  map,  which  is  the  type  constructed  in 
the  field.  Outcrop  maps  are  seldom  published  as  such  unless  the 
structure  of  the  country  is  too  intricate  and  the  exposures  too  few 
to  warrant  interpolation  between  thq  outcrop  areas. 

Caution  Necessary  in  Reading  the  Geological  Map.  —  One  of 
the  most  conunon  errors  made  by  the  beginner  in  reading  a  geo- 
logical map  is  to  assume  that  the  belts  of  color  which  are  shown 
upon  it  represent  so  many  belts  of  rock  formation,  the  areal  limits 
of  which  are  bounded  by  the  limits  of  the  color  bands.  In  other 
words,  the  boundaries  of  the  geological  formations  are  assumed  as 
extending  vertically  downward  into  the  earth,  a  condition  which 
is  seldom  realized  in  nature,  and  is  far  from  correct  when  the  rock 
formations  are  stratified  and  only  moderately  inclined.  In  such 
a  case,  the  color  band  represents  merely  the  portion  of  the  forma- 
tion projecting  from  beneath  the  next  younger  series,  as  the  ex- 
posed part  of  a  shingle  on  a  roof  or  the  side  of  a  house  represents 
only  a  portion  of  the  whole  shingle,  the  remainder  being  covered.  In 
general,  unless  the  map  represents  a  very  large  or  much  disturbed 
area,  each  formation  may  be  assumed  to  extend  under  the  higher 
ones  throughout  the  area  represented,  unless,  indeed,  the  strata 
actually  stand  in  a  vertical  position.  The  true  relationships  of 
the  formations  are  represented  upon  the  geological  cross-section. 

Scale  and  Detail  of  Geological  Maps.  —  The  scale  of  the  geolog- 
ical map  depends  upon  the  area  of  the  country  represented  and 
the  size  of  the  map.  In  general,  the  smaller  the  area  mapped  and 
the  larger  the  map,  the  larger  will  be  the  scale,  and  the  more  detail 
will  be  represented.  In  extremely  complicated  districts  or  re- 
gions with  many  thin  formations,  large  scale  maps  are  required  to 
represent  these  features. 

The  principal  types  of  maps  in  use,  from  the  point  of  view  of 
detail,  are  the  system  map  and  the  formation  map.    An  intermedi- 
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ate  type,  in  which  the  larger  subdivisions  of  the  systems  or  the 
groups  of  formations  are  shown,  is  also  made. 

The  System  Map,  —  The  system  map  represents  only  the  out- 
crops of  the  several  geological  systems  as  they  would  appear  if  the 
mantling  of  loose  material  and  vegetation  were  removed.  In  gen- 
eral, a  defuiite  color  or  shade  is  used  for  each  system  by  all  countries 
producing  these  maps,  though  such  a  color  scheme  is  not  strictly 
adhered  to.  Thus  purple  is,  as  a  rule,  used  for  the  Triassic  system, 
blue  for  the  Jurassic,  green  for  the  Cretaceous,  and  various  shades 
of  yellow  and  orange  for  the  Tertiary  systems.  There  is  less  uni- 
formity in  the  use  of  color  for  the  Palaeozoic  systems.  When  the 
geology  is  not  too  complex,  it  may  be  represented  satisfactorily  by 
a  system  of  patterns  only,  printed  in  black  (Fig.  742).  The  geo- 
logical map  of  North  America  published  by  the  United  States 
Geological  Survey  is  a  typical  example  of  a  system  map.  Greater 
detail  is  represented  by  the  International  Geological  Map  of  £u- 
rojje.  Here  most  of  the  systems  are  subdivided  into  their  lower, 
middle,  and  upper  portions,  while  in  some  cases  even  greater  detail 
is  shown.  This  is  usually  accomplished  by  the  use  of  various 
shades  of  the  systemic  colors,  and  further  by  the  addition  of  num- 
bers and  letters  to  aid  in  identification  (see  below).  The  large 
geological  map  of  New  York  state  shows  still  further  detaU ;  in 
some  cases  formations  are  represented,  in  others,  groups  of  forma- 
tions such  as  the  Hamilton  group,  Helderberg  group,  etc. 

The  Formation  Map.  —  In  the  folios  of  the  Geological  Atlas  of 
the  United  States,  published  by  the  Federal  Survey,  and  in  the 
large  scale  map  sheets  issued  by  the  New  York  State  Survey,  the 
formation  is  the  unit  of  cartography.  This,  with  few  exceptions, 
is  the  most  detailed  t>'pe  of  geological  map  produced,  though  maps 
of  even  greater  detail  are  made  now  and  then  for  special  areas. 
The  formation,  as  defined  for  purposes  of  mapping,  is  of  uniform 
lithologic  character,  or  of  uniform  variability  throughout,  and  is 
determined  primarily  on  a  lithic  basis  and  secondarily  on  the  basis 
of  its  contained  fossils.  Each  formation  is  given  a  distinct  name, 
but  as  formations  vary  in  character  from  place  to  place,  equivalent 
formations  in  adjoining  or  slightly  distant  map  areas  may  receive 
distinct  names.  As  an  illustration  of  this  may  be  taken  two  quad- 
rangles or  map  sheets  of  Tennessee,  —  the  Columbia  and  the 
McMinnville,  —  between  which  there  lies  an  area  equal  to  two 
map  sheets  only.    Although  formations  of  the  same  age  occur  in 
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both,  still  the  actual  characters  and  names  of  the  formations  differ 
entirely  in  the  two  maps,  with  the  exception  of  the  Chattanooga 
black  shale.  In  the  following  diagram  (Fig.  749)  the  changes  in  a 
series  of  sediments  from  the  shore  seaward  are  shown  in  A,  the 


Fig.  740.  —  Relation  of  maps  and  sections  A  sect  an  showing  vanat  on 
of  strata  from  shore  seaward)  B,  the  same  section  after  folding  and  erosion 
C,  D,  maps  of  the  same  region  representing  the  two  ead  quadrangles  (separated 
by  one  quadrangle).  These  two  maps  have  scarcely  any  formations  in  common, 
although  the  formations  of  one  are  representative  of  those  of  the  other.  (Frorn 
Princifiles  of  Siratipapky.) 


outcrops  after  folding  and  erosion  in  B,  and  two  maps  of  the  eroded 
anticlines  in  C  and  D.  These  two  maps  have  scarcely  any  forma- 
tions in  common. 

Notation  and  Legead  of  Color  Patterns.  —  In  order  that  the 
geological  map  may  be  interpreted,  it  is  necessary  to  place  upon  it 
a  key  to  the  color  scheme.  This  is  called  the  legend  of  the  map 
and  consists  of  small  rectangles,  each  colored  to  correspond  to  one 
of  [he  colors  upon  the  map,  and  with  the  formation  or  system 
name  placed  opposite  or  under  each.  These  rectangles  are  ar- 
ranged in  the  order  in  which  the  formations  {or  systems)  occur,  the 
oldest  generally  at  the  bottom  and  the  youngest  at  the  top.  In 
some  cases,  however,  the  order  is  reversed,  as  in  that  of  the  larger 
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map  sheets  of  New  York  state,  where  the  older  formations  appear 
at  the  top  of  the  map  and  the  younger  at  the  bottom.  The  legend 
is  placed  upon  the  side  of  the  map  to  correspond  with  this  arrange- 
ment. 

In  addition  to  the  color,  it  is  generally  desirable  to  use  some  form 
of  notation  to  avoid  confusion  between  similar  colors  or  patterns. 
On  the  geological  map  of  North  America,  each  system  is  given  a  num- 
ber, the  Quaternary  being  i,  the  Cambrian  18,  while  higher  num- 
bers up  to  24  are  used  for  the  pre-Cambrian  and  the  igneous  rocks. 
Special  developments  of  some  formations  are  designated  by  addi- 
tional letters.  On  the  folios  of  \he  Geological  Atlas  of  the  United 
States,  letters  are  used,  a  capital  for  the  system  (5  for  Silurian,  D 
for  Devonian,  etc.),  and  small  letters  for  the  formation  name. 
Thus  on  the  Hancock  quadrangle,  where  five  Silurian  formations 
are  represented,  the  notations  are :  5c,  Clinton  Shale ;  Smk,  McKen- 
zie  formation ;  SiWj  Tonoloway  limestone,  etc.,  the  S  in  each  case 
indicating  the  Silurian  age  of  the  formation. 

Geological  Sections 

Three  types  of  geological  sections  are  resorted  to  in  order  to 
depict  the  geology  of  a  region.  These  are :  (i)  the  natural  cross- 
section,  (2)  the  columnar  section,  and  (3)  the  restored  section. 

The  Cross-section.  —  If  we  could  cut  a  deep  trench  in  the  sur- 
face of  the  country,  one  that  might  extend  for  thousands  of  feet 
in  depth,  we  would  get  in  the  wall  of  such  a  trench  an  accurate 
picture  of  the  character,  thickness,  relative  position,  and  attitude 
of  the  strata  composing  that  part  of  the  country.  The  representa- 
tion of  this,  from  data  obtained  from  surface  outcrop  and  borings, 
is  attempted  in  the  construction  of  the  natural  cross-section,  which, 
because  of  the  limited  information  available,  must  of  necessity 
contain  many  elements  of  error,  though  on  the  whole  it  may  be  a 
fairly  accurate  presentation  of  the  actual  conditions.  Only  in 
limited  areas,  where  tunneling  or  excavations  permit  underground 
examination  of  the  strata,  and  comparison  with  surface  outcrops, 
can  a  section  be  constructed  which  approaches  in  accuracy  the 
actual  conditions.  This  is  illustrated  by  the  section  of  the  Simplon 
Tunnel  in  the  Alps  (Fig.  525,  p.  608,  Ft.  I).  Nevertheless,  cross- 
sections  are  a  necessary  part  of  geological  representation,  and  in 
general  the  inaccuracies  are  of  negligible  quality. 

The  cross-section  shows  the  profile  of  the  country  and  the  posi- 
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tion  and  structure  of  the  rocks  as  they  are  at  the  present  time.  The 
most  satisfactory  sections  are  drawn  to  the  same  horizontal  and 
vertical  scale,  and  such  a  section  shows  the  true  dips  of  the  strata, 
together  with  their  proportional  thicknesses.  Because  of  the  great 
horizontal  extent  of  most  sections,  however,  it  becomes  necessary 
to  enlarge  the  vertical  scale,  making  it  sometimes  as  much  as  five 
or  ten  times  the  horizontal.  This  of  course  greatly  exaggerates 
the  dips  and  the  thicknesses  of  the  strata,  as  well  as  the  relief  of  the 
country.    ThefoUowing  two  actions  (Fig.  750)  illustrate  the  dif- 


Fic.  750.  — A  geological  section,  drawn  witb  horizontal  and  vertical  ECAle 
alike  (upper),  and  with  vertical  scale  five  times  greater  than  the  horizontal 
(lower).  Note  that  the  exaggeration  ot  the  vertical  scale  produces:  i,  enor- 
mous exaggeration  of  topography;  3,  increase  in  dip  of  strata,  and  fault  planes 
and  sharpening  of  folds,  etc.;  3,  increase  in  thickness  of  inclined  and  hori- 
zontal portions  of  strata,  though  the  thickness  of  the  vertical  beds  remains 
the  same;  4,  distortion  of  strata  due  to  apparent  variable  thickness,  which 
differs  from  the  actual. 

ference,  the  first  being  drawn  to  true  scale,  i.e.  horizontal  and 
vertical  scale  alike,  while  the  second  represents  the  same  region  with 
the  vertical  scale  enlarged  five  times. 

Columnar  Section.  —  If  in  a  region  of  horizontal  strata  a  deep 
shaft  were  sunk,  the  sides  of  this  shaft  would  present  a  columnar 
section  of  the  rocks  penetrated.  Drawn  to  scale,  with  the  charac- 
ter of  the  rock  represented  by  conventional  signs  and  the  various 
beds  depicted  in  their  proportional  thicknesses,  it  forms  an  impor- 
tant record  of  the  geological  formations  of  that  region.  Only 
original  structures  such  as  cross-bedding,  unconformities,  and  dis- 
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conformities,  are  indicated  in  such  a  section,  subsequent  structures 
such  as  faults,  folds,  etc.,  being  of  necessity  omitted,  though  intru- 
sive rocks  may  be  shown.  Thus  even  in  a  region  of  highly  dis- 
turbed strata,  a  columnar  section  may  be  constructed  from  the 
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ascertained  thickness  and  normal  succession  of  the  strata.  But 
such  a  section  gives  no  indication  of  the  complexity  of  structure 
-  of  the  region. 

Columnar  sections  of  different  regions  but  of  formations  of  the 
same  geological  age,  and  drawn  to  the  same  scale,  are  very  instruc- 
tive as  showing  the  variation  in  the  character  and  thickness  of  the 
rocks  from  place  to  place.  They  form  a  necessary  basis  for  all 
generalizations  of  a  broader  nature.     (See  Fig.  751  a.) 

Restored  Seclioas.  —  By  this  term  sections  are  designated  whidi 
um  to  present  the  conditions  as  they  existed  during  the  period  of 


Fig  7516  —  A  restored  sect  on  made  by  combining  the  dats  furnished  by 
the  five  columnar  sections  This  represents  conditions  which  existed  before 
disturbances  and  erosion  had  affected  the  region, 

formation  of  the  strata  in  question.  They  represent,  indeed,  a 
restoration  of  a  cross-section  of  the  region  at  that  period.  As  such, 
they  ignore  all  subsequent  disturbances,  as  well  as  the  erosion  which 
the  country  has  suffered  since  the  deposition  of  the  strata.  They 
may  show  the  relative  position  of  the  land  and  sea,  the  overlaps  of 
the  strata,  their  horizontal  changes  in  character  and  their  vertical 
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succession.  Such  sections  are  buOt  up  from  a  series  of  columnar 
sections  distributed  along  the  line  on  which  the  restored  section 
is  made.  The  preceding  diagram  (Fig.  751  b)  shows  such  a  restora- 
tion from  a  series  of  columnar  sections. 

StraiigrapHk  and  Topographic  Attitude  of  Formations 

When  the  strata  of  a  region  are  horizontal,  the  stratigraphically 

higher  (younger)  formations  will  also  be  the  higher  formations  in  a 

topographical  sense.     Thus  in  eastern  New  York,  the  CatakiU  is 

the  highest  (or  youngest)  of  the  formations  of  the  Devonian  system. 


Fic.  75J  —  A  cross-section  of  a  uniclmil  mountain  such  as  Clmch  Mt, 
Virginia,  showing  the  relationship  of  stratigraphic  honzons  Co  topography 
Formation  1  is  the  oldest  or  lowest  5  the  youngest  or  highest  strati 
graphically  Note  that  the  outcrop  ot  formation  3  is  higher  hpographicaily 
than  that  of  4  but  itraitgrapkicaiiv  or  m  the  order  of  deposition,  j  is  lower 
than  4.  Thus  formation  3  is  ipoken  of  as  representing  a  lower  horizon  than 
formation  4.  (In  the  Appalachian  Mountains  the  formations  represented  are : 
1,  I.ower  and  Middle  Ordovician  limestones;  t.  Upper  Ordovician  shales  and 
sandstones;  j.  Silurian  sandstones;  4,  Devonian  Uack  stiales;  5,  Upper  De- 
vonian and  Missis^ppian  shales  and  sandstones.) 

and  it  also  forms  the  highest  hills  on  the  western  bank  of  the  Hudson. 
In  regions  of  inclined  strata,  however,  a  higher  (younger)  strati- 
graphic  division  may  crop  out  at  a  much  lower  topographic  level 
than  a  lower  or  older  formation.  This  is  shown  repeatedly  in  the 
Appalachian  Mountains,  where  some  of  the  valleys  are  underlain 
by  strata  much  higher  in  the  stratigraphic  scale  than  those  forming 
the  mountains,  as  shown  in  the  preceding  diagram.  Here,  of  course, 
the  higher  strata  (stratigraphically)  formerly  extended  over  the 
mountain  remnant  still  present,  having  been  removed  by  erosion 
except  in  the  valley  bottoms  (the  syncline)  (Fig,  752). 

COHRELATION 

It  is  not  enough  to  determine  the  succession  of  formations  of  a 
region,  their  lithologic  character  and  fossil  content,  and  the  struc- 
tures subsequently  developed,  but  their  relative  position  in  the 
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geological  series  as  a  whole  must  also  be  ascertained.  For  this 
purpose  it  is  first  of  all  necessary  to  have  a  standard  or  type  section 
with  which  sections  of  other  regions  may  be  compared.  The  identi- 
fication of  the  stratigraphic  position  of  the  formations  of  a  region 
with  respect  to  those  of  the  type  section  is  termed  correlation  and 
is  an  important  part  of  geological  investigation. 

Type  Sections.  —  Theoretically,  the  region  in  which  the  geo- 
logical formations  of  a  series  or  system  were  first  studied  and  their 
succession,  details  of  character,  and  organic  contents  determined, 
becomes  the  type  or  standard  section  with  which  all  others  are 
compared.  Thus  the  higher  deposits  of  the  Paris  Basin  become 
the  type  lor  the  Eocene,  and  all  deposits  of  this  system  in  other 
regions  are  correlated  with  this  standard.  This  principle  is,  how- 
ever, not  generally  applied,  except  perhaps  for  the  country  in  which 
such  a  section  occurs.  Thus  while  the  west  of  England  (Shrop- 
shire) and  the  Welsh  region  are  the  standard  of  the  Silurian  for  Great 
Britain,  a  much  better  section  for  comparison  is  found  in  the 
Baltic  region  on  the  one  hand  (Island  of  Gotland),  and  in  the  region 
south  and  west  of  Lake  Ontario  on  the  other.  Partly  on  this  ac- 
cotmt  many  European  geologists  prefer  the  name  Gotlandian 
for  this  system,  while  in  America  the  name  Ontaric  system  has 
been  used  in  place  of  Silurian.  The  Devonian  rocks  of  Devonshire, 
southwest  England,  form,  on  the  whole,  a  much  less  satisfactory 
section  for  comparison  than  do  those  of  the  Rhine  and  other  parts 
of  western  Germany,  and  correlation  is  more  commonly  made  by 
European  geologists  with  the  west  German  succession  than  with 
that  of  southern  England.  The  Triassic  rocks  of  Germany  are 
also  very  unsatisfactory  as  a  standard  section,  though  in  a  broad 
way  correlation  with  the  threefold  division  of  that  region  is  made. 
A  much  more  perfect  section  and  one  that  is  wholly  marine  is  found 
in  the  Alps,  and  this  serves  as  the  more  usual  standard. 

In  North  America,  the  Palaeozoic  formations  were  first  studied 
in  detail  in  the  state  of  New  York,  and  the  New  York  Series  has 
become  by  common  consent  the  standard  of  comparison  for  North 
America,  and  might  also  serve  in  some  respects  as  the  standard 
for  other  parts  of  the  world  as  well.  Nevertheless,  the  Cambrian 
is  more  fully  developed  in  western  North  America  and  upon  the 
northern  Atlantic  coast,  and  for  detailed  comparison  these  sections 
are  used.  Again,  the  Ordovician  is  more  fully  developed  in  the 
southern  states,  and  the  Silurian  in  Michigan  and  adjoining  portions 
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of  Canada  and  Ohio.  For  the  Devonian,  the  New  York  section 
is  undoubtedly  the  best  standard  of  comparison  in  Ameriai,  but  the 
higher  Pala^zoic  formations  are  only  sparingly  represented.  The 
Mississippi  Valley  section  serves  as  the  standard  of  comparison 
for  the  American  Mississippian,  though  some  divisions  are  more 
fully  developed  elsewhere,  notably  in  Tennessee.  No  complete 
standard  of  comparison  for  the  American  Carbonic  and  Permian  has 
yet  been  determined,  although  the  Kansas  section  serves  this  pur- 
pose for  a  large  part  of  these  systems.  The  American  Triassic  and 
Jurassic  are  compared  with  European  standards,  but  the  Coman- 
chean  and  Cretaceous  have  local  standards  in  southern  and  west- 
em  North  America,  although  comparison  with  the  European 
standard  (especially  the  French)  is  also  resorted  to.  The  marine 
Tertiary  sections  of  America  are  most  typically  developed  in  the 
Gulf  region,  though  correlations  with  the  European  standard  are  also 
made.  For  the  non-marine  Tertiaries,  western  North  America 
furnishes  good  standards. 

It  is  generally  recognized  that  a  knowledge  of  the  character  and 
succession  of  formations  of  the  type  section  is  a  necessary  prelimi- 
nary for  purposes  of  correlation,  but  since  this  involves  a  knowledge 
of  much  detail,  workers  in  stratigraphy  have  generally  limited 
their  efforts  to  a  definite  portion  of  the  geological  column.  The 
general  student  should  aim  to  obtain  a  broad  view  of  the  character 
and  succession  of  the  several  systems  and  the  main  physical  con- 
ditions of  the  world  at  the  time  of  their  formation,  together  with  a 
survey  of  the  succession  of  the  types  of  plant  and  animal  life  which 
existed  upon  the  earth  during  the  successive  stages  of  its  develop- 
ment, and  from  these  facts  he  should  learn  to  deduce  some  of  the 
laws  which  have  governed  the  evolution  of  the  earth  and  its  in- 
habitants. 

Methods  of  Correlation 

Continuity  of  Formations.  —  If  a  geological  formation  can  be 
traced  from  the  type  region,  with  little  or  no  interruption  of  ex- 
posures, to  a  region  where  the  formations  are  still  undetermined, 
this  would  serve  as  a- satisfactory  basis  from  which  correlation  of 
the  formations  of  the  new  locality  with  the  type  section  may  start. 
Such  formations  have  frequently  been  traced,  but  in  most  cases 
it  has  been  found  that  the  continuity  is  only  apparent ;  for  example, 
that  a  bed  of  sandstone  of  definite  position  in  the  series  in  one  local- 
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ity  rises  or  falls  in  the  series  when  traced  from  point  to  point.  The 
same  thing  is  true  for  other  types  of  rock  formations  as  well,  though 
to  a  lesser  degree  than  ¥rith  sandstones. 

Superposition.  —  The  regular  succession  of  formations  of  sim- 
ilar character,  or  the  superposition  of  formations,  has  also  been  used, 
but  again  with  frequent  commission  of  error.  Thus  the  sandstones 
which  in  many  portions  of  North  America  were  foimd  to  rest  un- 
conformably  upon  the  old  crystallines,  were  formerly  unhesitat- 
ingly correlated  with  the  Potsdam  sandstone  which  overlies  the 
crystaUine  rocks  of  the  Adirondack  Mountains.  Now,  however, 
it  is  known  that  the  ages  of  these  sandstones  vary  greatly,  and  that 
they  represent  merely  basal  sandstones  of  overlapping  formations. 
(See  Figs.  977  to  984.) 

Disconformities  and  Unconformities.  —  In  some  respects  great 
disconformities,  especially  those  due  to  widespread  retreatal  move- 
ments of  the  sea  followed  by  readvance  (see  p.  559,  Pt.  I),  serve  as  a 
useful  guide  in  correlation  when  it  is  remembered  that  the  series  is 
less  complete  than  elsewhere  in  the  region  from  which  the  sea  with- 
drew first,  and  to  which  it  returned  last.  We  shall  have  occasion 
to  caU  more  especial  attention  to  some  of  these  disconformities 
when  discussing  the  formations  of  the  various  S3rstems.  Uncon- 
formities serve  to  locate  the  larger  breaks  in  the  geological  suc- 
cession, and  these  can  sometimes  be  used  over  extensive  areas 
within  certain  limits,  but  it  must  be  remembered  that  the  forma- 
tions next  above  the  unconformity  are  not  always  the  same  in 
different  localities. 

Fossils.  —  Undoubtedly  the  safest  and  most  reliable  means  for 
the  correlation  of  formations  with  the  type  section,  is  found  in 
the  organic  remains,  or  fossils,  which  occur  in  the  strata.  This 
imphes,  of  course,  that  the  succession  of  organic  remains  in  the 
strata  of  the  type  region  has  been  fully  ascertained.  While  certain 
precautions  are  necessary  even  here,  espedaUy  when  attempts  at 
detailed  correlations  are  made,  this  method  is  sufficiently  exact 
for  most  purposes  and  serves  all  the  requirements  for  the  correla- 
tion of  the  geological  systems  in  their  occurrence  the  world  over. 
We  must,  therefore,  next  turn  our  attention  to  this  subject  and 
note  the  manner  of  occurrence  and  the  mode  of  preservation  of 
organic  remains,  and  gain,  moreover,  a  general  knowledge  of  the 
several  types  of  organisms  which  have  inhabited  the  earth  since 
the  first  appearance  of  life. 
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CHAPTER  XXVI 

FOSSILS,  THEIR  NATURE  AND  MODE  OF  PRESERVATION 

Definition 

Fossils  (from  the  Latin  fossilis—sometimig  dug-up)  are  the 
remains  of  animals  and  plants,  or  the  impressions,  structures,  etc., 
made  by  them,  which  are  preserved  in  the  rocks  of  the  earth's 
crust.  The  term  was  formerly  used,  in  a  more  general  sense,  for 
all  natural  materials  dug  from  the  ground,  including  metals,  ores, 
and  the  like,  but  it  has  now  been  limited  in  the  manner  above 
stated.  The  term  petrifaction  is  sometimes  used  for  such  remains, 
but  all  fossils  are  not  petrified  or  turned  into  stone.  As  a  classical 
example  we  may  mention  the  bodies  of  mammoths  and  other  ex- 
tinct animals  which  have  been  preserved  in  the  Arctic  ice,  with 
flesh,  skin,  and  hair  intact,  and  the  bodies  of  human  beings  found 
occasionally  in  peat  bogs,  where  they  may  have  lain  for  a  century. 
Many  fossil  shells,  bones,  and  teeth  found  in  the  younger  forma- 
tions have  experienced  no  perceptible  change  from  their  original 
condition,  and  certainly  have  not  been  petrified.  On  the  other 
hand,  most  older  fossils  have  been  more  or  less  impregnated  with 
mineral  matter  and  so  became  truly  petrified. 

There  is  no  age  limit  involved  in  the  concept  of  a  fossil.  The 
shells  buried  in  the  sands  of  a  modem  beach  and  the  bones  of  a 
sheep  buried  in  the  sands  of  a  recent  river  flood  are  just  as  truly 
fossils  as  are  the  most  obscure  traces  of  organisms  found  in  the 
oldest  known  deposits.  Burial  is  the  only  necessary  process  to 
produce  a  fossil,  and  this  is  primarily  so  because  it  is  the  funda- 
mental condition  of  preservation.  Dead  animals  and  plants  ex- 
posed to  the  atmosphere  will  soon  decay,  and  their  bones  and  other 
hard  parts  crumble  to  powder.  But  burial  tends  to  protect  these 
structures,  especially  if  the  covering  material  is  dense  and  im- 
pervious to  air  and  water.    Even  then,  the  soft  tissues  of  animals 
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and  commonly  those  of  plants  as  well,  will  midergo  a  change,  the 
former,  miless  impregnated  with  mineral  matter,  rapidly  disap- 
pearing, leaving  only  the  bones,  shells,  or  other  hard  structures. 
Hence  most  fossils  consist  only  of  the  hard  parts  of  the  animals, 
but  as  we  have  noted,  under  favorable  conditions,  such  as  the 
embedding  in  frozen  mud  and  ice,  or  the  burial  in  antiseptic  peat 
beds,  even  the  flesh  may  be  preserved  for  an  indefinite  period. 
Still  another  example  of  complete  preservation  of  organisms  is 
found  in  the  case  of  insects  embedded  in  the  resinous  giun  of 
coniferous  trees  which,  on  hardening,  has  become  amber.  Some 
of  the  best  insect-bearing  amber  is  found  on  the  coast  of  the 
Baltic  Sea,  having  been  washed  from  submerged  beds  of  older 
Tertiary  (Oligocene)  age. 

Types  of  Fossils 

We  may  recognize  four  types  or  grades  of  fossils,  based  on  the 
manner  in  which  the  organisms  recorded  their  presence.  These 
are  as  follows : 

1.  Actual  remains  or  the  impressions  left  in  the  rock  after  their 
destruction. 

2.  Trails  and  tracks  made  by  animals  in  transit  and  marks  made 
by  plants  dragged  over  the  surface  or  floating  in  shallow  water. 
Burrows  made  by  worms  and  other  animals  in  sand  and  mud,  or 
in  rock  also  belong  here. 

3.  Structures  built  by  animals  from  foreign  material,  such  as 
the  shells  of  certain  Foraminifera,  formed  from  cemented  sand- 
grains,  and  similar  tubes  constructed  by  sand-worms. 

4.  Coprolites  of  fish,  reptiles,  and  other  vertebrates,  worm 
castings  and  the  like. 

Of  these  types  the  first  two  are  the  most  important,  while  the 
third  and  fourth  groups  are  of  minor  significance,  except  perhaps 
in  the  most  recent  formations.  We  may  briefly  review  the  several 
types. 

Actual  Remains 

Soft  Tissues.  —  As  already  noted  the  soft  tissues  of  animals 
are  preserved  only  imder  exceptional  conditions,  such  as  becoming 
embedded  in  frozien  mud  and  ice,  in  the  resinous  gum  of  trees,  etc. 
Occasionally,  also,  the  soft  tissues  may  become  impregnated  with, 
and  finaUy  replaced  by,  mineral  matter  before  they  decay.    This 
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has  happened  in  the  case  of  some  Devonian  fish,  of  which  the  musde 
fibers  have  been  so  perfectly  preserved  that  they  are  readily 
recognizable  under  the  microscope.  Similar  preservation  of  muscle 
fibers  of  some  Mesozoic  reptiles  is  known.  Bodies  of  ^njirials 
and,  more  rarely,  of  human  beings,  have  become  impr^nated  with 
mineral  matter  from  the  ground  in  which  they  were  buried,  and 
decay  being  thus  halted,  the  flesh  has  been  preserved  more  or 
less  completely.  Such  was  the  case  with  the  body  of  a  negro 
woman,  preserved  after  burial  for  57  years,  and  still  more  markedly 
in  the  case  of  the  body  of  a  Peruvian  miner,  on  exhibition  in  The 
American  Museiun  of  Natural  History,  which  was  impregnated 
with  blue  vitriol  and  other  salts  after  death  was  caused  by  the 
collapse  of  a  mine,  probably  several  hundred  years  ago. 

Impressions  of  the  soft  parts  are  more  frequently  preserved 
than  the  actual  tissues.  Thus  the  impressions  of  the  soft-bodied 
jellyfish  have  sometimes  been  perfectly  preserved,  though  the 
material  of  the  body  has  decayed.  Some  of  the  finest  examples 
of  such  preservation  have  been  obtained  from  the  very  ancient 
Cambrian  shales  of  British  Columbia,  and  in  these  fossils,  the  in- 
ternal anatomy  can  frequently  be  determined  (see  Fig.  1039). 
Where  the  structures  are  more  resistant,  as  in  the  case  of  the  mem- 
branous wings  of  insects,  the  skin  of  reptiles,  and  the  like,  these 
have  left  very  decided  impressions  when  buried  in  fine-grained 
muds,  such  impressions  being  often  emphasized  by  a  thin  film  of 
carbonaceous  matter,  which  is  the  organic  tissue  itself  reduced  to 
carbon.  Classical  examples  of  such  preservation  of  somewhat  more 
resistant  tissues  are  found  in  the  famous  lithographic  stone  of 
Bavaria,  and  in  the  Liassic  shales  of  Wurttemberg  and  southern  Eng- 
land. In  some  cases  the  skin  of  animals  (reptiles)  has  been  pre- 
served in  these  Liassic  muds.  A  similar  preservation  of  the  skin 
of  a  dinosaur  {Trachodon)  has  been  found  in  the  Cretaceous  of 
western  North  America  (Wyoming).     (See  Chapter  XLIV.) 

The  bodies  of  some  of  the  lower  forms  of  animal  life  are  pro- 
tected or  upheld  by  a  more  resistant  organic  substance  than  the 
fleshy  tissues.  This  is  illustrated  by  the  material  composing  our 
common  bath  sponges,  and  is  equally  marked,  though  less  familiar, 
in  the  case  of  the  lowly  marine  organisms  known  as  hydroids,  where 
it  constitutes  a  protecting  covering  for  the  softer  tissue.  When 
buried  in' sand,  this  substance,  to  which  the  name  chitin  is  generally 
appUed,  changes  to  a  carbonaceous  film,  which  is  the  usual  state 
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of  preservation  in  which  sudi  organic  remains  are  found.  The 
group  of  the  graptoUtes,  so  characteristic  of  the  older  Palaeozoic 
formations,  is  a  typical  example  of  preservation  of  such  material 
in  this  condition.     (See  Figs.  83^-841.) 

Plant  tissues  resist  decay  better  than  animal  tissues  and  are 
more  frequently  preserved.  Buried  leaves  generally  change  to  a 
film  of  carbonaceous  material  in  which 
the  veining  is  still  readily  recognizable; 
or  they  may  leave  merely  an  impression, 
more  or  less  iron  stained,  upon  the  surface 
of  the  bedding  planes,  or  supplemented 
by  a  thin  film  of  mineral  matter  precipi- 
tated by  the  decaying  oiganic  substance. 

Woody  tissues  of  buried  plants  are  com- 
monly impregnated  with  silica  or  other 
mineral  matter  carried  by  the  ground- 
water in  solution.  This  mineral  at  first 
fills  aU   the  pore  spaces.    Later,  as  the 


wood,  the  compressed  cells, 
those  of  the  fall  wood. 
A  longitudinal  seclion  of 
'n  tube  is  also  shown. 
(See  Chapter  XLV  for 
silici&ed  tree- trunks  in 
the  position  of  growth,) 
{After  Diller,  U.  S.  G.  S.) 


Fig.  753-  —A  thin  sec- 
tion of  a   silicified   wood 
[Pilyaxylon   pealii)    from 
Gallatin  county,  Montana, 
,     ,  .     .  ,         ,  ,        ,     ,         showing  the  well-preserved 

wood  decays,  it  is  replaced,  molecule  by    ^ella.    The  large  cells  are 
molecule,  with  mineral  matter.    Thus  per-     those 
fectly  petrified  wood  is  produced  in  which 
the  entire  substance   is  agate   or  j 
other  form  of  quartz,  or  opal,  while  the 
structure  of  the  wood  is  still  perfectly  pre- 
served.    (Fig.  753.) 

Hard  Structures.  —  Many  of  the  lower 
forms  of  animal  life  secrete  shells  of  car- 
bonate of  lime  (moUusks,  brachiopods,  Foraminifera,  some  crus- 
taceans) while  others  build  more  solid  structures  of  this  material 
(corals,  bryozoans,  etc.).  Some  low  plants  (nullipores)  also  pre- 
cipitate carbonate  of  lime  in  an^  upon  their  tissues  and  so 
produce  resistant  stony  forms.  A  certain  group  of  organisms 
(echinoderms)  builds  an  armor  of  calcareous  plates  within  the 
outer  part  of  the  body,  while  still  another  secretes  a  hard,  skin- 
like covering  of  lime  and  homy  matter,  which  is  shed  each  year 
to  be  replaced  by  a  new  and  larger  one  (crustaceans).  The  higher 
animals  (vertebrates)  all  build  a  resistant  skeleton  of  bone  and 
cartilage  within  their  bodies,  besides  developing  other  hard  struc- 
tures such  as  teeth,  dermal  plates,  spines  or  scales,  and  the  Uke. 
In  these  internal  structures,  and  sometimes  in  the  external  ones 
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as  welly  the  material  is  in  part  phosphate  and  in  part  carbonate  of 
lime. 

All  such  mineral  structures  are  readily  preserved  when  buried, 
though  solution  by  percolating  waters  may  remove  them  in  time. 
On  the  other  hand,  such  waters  often  bring  additional  mineral  sub- 
stance which  fills  all  the  pores  and  cavities  left  by  decaying  organic 
matter.  In  shells  and  some  other  structures,  this  organic  material 
forms  a  meshwork  upon  which  the  lime  was  originally  deposited. 
When  the  pores  are  filled  by  deposits  of  carbonate  of  lime  or 
carbonate  and  phosphate  of  lime,  a  solid  structure  of  that  mineral 
matter  is  produced,  and  the  shell  or  bone  may  be  said  to  be  truly 
petrified. 

SUicijication.  —  If,  however,  the  material  filling  the  pores  is 
silica,  then  a  new  process,  that  of  silicific(Uion,  is  inaugurated. 
Silica,  being  much  less  soluble  than  carbonate  of  lime,  will  replace 
that  substance,  because  of  the  attraction  offered  by  the  silica 
already  deposited  in  the  pores.  Often  this  progressive  replace- 
ment will  be  manifested  by  the  development  of  a  series  of  small 
rings  of  silica  around  a  central  nucleus  or  starting  point.  A  shell 
or  other  calcareous  object  in  the  process  of  being  replaced  by  silica 
will  often  be  covered  with  many  series  of  concentric  rings.  These 
have  been  named  heekite  rings  after  their  original  discoverer, 
Dr.  Beek.  All  stages  of  replacement  may  sometimes  be  found  in 
shells  or  other  calcareous  structures. 

Effects  of  SUicijication.  —  When  the  original  carbonate  or 
phosphate  of  lime  is  replaced  by  silica,  it  generally  happens  that 
the  details  of  original  structure,  such  as  different  layers  of  lime, 
tubes,  canals,  etc.,  are  destroyed,  although  the  form  may  be  per- 
fectly preserved.  It  is  a  matter  of  common  experience  that  the 
fossils  in  a  limestone  may  thus  be  silicified  while  the  inclosing 
matrix  is  riot  altered  at  all.  As  a  result,  when  such  a  limestone  with 
silicified  shells,  corals,  etc.,  is  exposed  to  the  atmosphere,  or  to  the 
solvent  action  of  water,  the  matrix  will  be  removed,  while  the 
fossils  will  be  unaffected.  These  will  then  accumulate  as  a  layer 
of -weathered-out  fossils  upon  the  surface  of  the  decaying  limestone, 
while  in  cliffs  and  ledges  of  such  limestone  they  will  stand  out 
in  relief.  Many  of  the  best  collections  of  silicified  fossils  have  been 
obtained  from  such  weathered  limestone  surfaces.  The  relative 
slowness  of  the  weathering  process  explains  why  a  region  which, 
when  first  discovered,  jdelded  a  great  abundance  of  beautifully 
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preserved,  weathered-out  fossils,  becomes  relatively  barren  after 
repeated  visits  of  collectors  have  been  made  to  it,  although  the 
unweathered  rock  may  still  contain  thousands  of  beautiful  speci- 
mens in  the  same  state  of  silidfication.  Some  of  these  may  be 
obtained  by  careful  etching  with  dilute  acid,  which  removes  the 
limestone,  but  this  also  attacks  the  still  imsilicified  portions  of 
the  fossil  itself. 

Excessive  SUicification.  —  Not  infrequently  the  deposition  of 
siUca  is  localized  in  the  fossil,  —  as,  for  example,  along  cracks  in 
the  shell  or  between  the  plates  of  an  echinoderm  structure.  In  that 
case,  the  fossil  may  become  greatly  distorted,  large  ridges  of  silica 
forming  in  the  cracks  and  pushing  the  fragments  apart  while  still 
holding  them,  or  in  the  case  of  the  echinoderm  structure,  pushing 
the  plates  farther  and  farther  apart  as  deposition  of  silica  goes  on, 
and  so  greatly  enlarging  the  entire  fossil.  In  this  manner,  hollow 
structures  are  sometimes  developed,  the  interiors  of  which  are  lined 
with  quartz  crystals,  forming  geodes. 

ReplacemetU  by  Other  Minerals,  —  Many  other  minerals  replace 
originally  calcareous  shells,  the  most  common  among  these  being 
iron  pyrites.  Pyrjtized  fossils  are  often  among  the  most  striking 
of  natural  objects. 

Original  Silicious  Structures.  —  Some  organisms  secrete  hard 
structures  of  silica  instead  of  lime,  as  for  example,  the  Radiolaria,  a 
group  of  lowly  marine  organisms  swarming  in  the  pelagic  districts 
of  some  parts  of  the  oceans  (Fig.  827).  Diatoms,  a  group  of  sim- 
ple plants,  likewise  secrete  silicious  structures  {frustules  Fig.  795  c), 
while  many  sponges  develop  a  series  of  separate  or  interlocking 
silicious  rods  or  spicules  which  interpenetrate  the  other  tissues 
and  which  may  project  as  glass  fibers  at  the  base  of  the  sponge. 
(See  Figs.  829,  831  a,  6,  832.)  Such  structures  are  generally  pre- 
served without  change,  though  it  also  happens  that  in  the  course 
of  time  they  may  be  replaced  by  carbonate  of  lime.  Thus  sponges, 
originally  with  a  skeleton  framework  of  silica,  but  now  entirely 
calcareous,  are  not  unknown  in  some  formations. 

Special  Cases  of  Preservation  of  Vertebrates.  —  Complete 
skeletons  of  vertebrates,  including  those  of  man,  are  sometimes 
found  in  abundance  because  of  peculiar  conditions  of  preservation. 
Many  famous  occurrences  of  perfect  skeletons  have  been  recorded 
from  caverns  both  in  Europe  and  America,  and  from  such  cavern 
deposits,  the  most  complete  record  of  the  history  of  early  man  has 
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been  obtained.  A  unique  example  of  the  preservation  of  verte- 
brates is  found  in  the  case  of  a  former  asphalt  pool  near  Los  An- 
geles, California,  which  became  the  burial 
place  of  an  extensive  fauna.  This  will 
be  more  fully  described  in  the  next 
chapter. 

Molds  and  Casts.  —  In  the  mud  or 
sand  in  which  the  shells  or  other  hard 
structures  are  embedded,  an  impres^on 
or  mold  of  the  exterior  of  this  object 
will  be  preserved,  and  the  perfection 
of  detail  of  the  impression  will  be  pro- 
portionate to  the  fineness  and  compact- 
ness of  the  inclosing  material.  Wh«» 
the  original  structure  is  hollow,  as  in 
the  case  of  shells  or  echinodenn  tests, 
the  filling  of  mud  forms  an  internal  mold 
which  exactly  reproduces  the  form  of 
the  animal  body  which  occupied  that  shell  or  test  (Figs.  754,  756, 
and  757).  When  percolating  waters 
remove  the  original  shell,  the  molds 
alone  remain,  and  molds  of  the  ex- 
teriors of  shells  are  not  unconunon 
in  the  more  porous  rocks  (Fig,  755). 


Fig.  754. —  Internal  mold 
of  Area  (c),  enclosed  in 
rocky  nutrix ;  a,  cavity  oc- 
cupied by  the  sbell.  (After 
d'Orbigny.) 


Fio,  7SS.  —  Eiterior  and  interior  mold  of 
a  pelecypod  shell.     (After  d'Orbigny.) 

Since  these  reproduce  the  external 
character  of  the  shell  in  reverse,  a 
cast  may  be  taken  from  such  a  mold 
with  modeling  clay,  dentist's  wax, 
plaster  of  Paris,  or  other  substance,  and  such  a  cast  will  repro- 
duce, with  more  or  less  fidelity,  the  surface  characters  of  the 


Fio.  756.  —  A  gastropod  sheH 

(Turriidla    morloni)   and  its  in-  ' 
temal  mold  (Eocene). 
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origiiial  shell.  Sometimes  casts  are  formed  in  nature  by  the  sub- 
sequent infiltration  of  mineral  matter  into  the  cavity  left  by 
the  solution  of  the  shell  or  other 
ori|^nal  structure.  Such  natural 
casts  of  coral  impressions  in  lime- 
stone have  been  made  by  deposits  of 
silica.  The  Tampa  region  of  Florida 
is  noted  for  such  casts  or  coral 
"  pseudomorphs,"  When  the  orig- 
inal shell  is  thin,  the  external  and 
internal  molds,  after  removal  of  the 
shell,  may  come  into  close  juxtapo- 
sition by  the  pressure  of  the  over- 
lying rock  mass,  and  the  characters 
of  the  exterior  Secome  impressed 
upon  the  surface  of  the  internal 
mold.  Many  pelecypod  shells  are 
thus  represented  in  the  older  rocks. 


Fig.  7S7.  —  A  fossil  gastropiod 
{Spharodoma  pontUrosum),  CartMlD- 

,  showing  suing  with  hardened 
■and  where  shell  is  broken  away. 


Tracks,  Trails,  and  Burrows 

Poot-piintB.  —  The  foot-prints  left  by  animals  upon  a  muddy 
surface  may  readily  retain  their  shape  as  the  mud  dries,  and  re- 
main intact  until  the  mud  is  softened  again  by  renewal  of  rainfall. 
In  regions  of  limited  rainfall,  such  foot-prints  may  remain  with- 
out change  for  many  years,  a  case  being  recorded  from  the  Sahara 
Desert  where  the  foot-prints  of  a  caravan  were  still  recognizable 
fifteen  years  hiter.  If  wind-drifted  sand,  or  the  sand  and  mud 
washed  over  the  surface  by  a  sudden  flood,  buries  these  foot-prints, 
they  are  likely  to  be  permanently  preserved.  The  covering  of 
sand  on  solidification  will  preserve  a  relief  mold  of  the  foot-print 
(Fig.  758)  and  sandstone  layers  with  such  foot-prints  in  relief  are 
more  often  preserved  than  actual  impressions  because  the  latter, 
if  made  in  clayey  mud,  are  likely  to  be  destroyed  in  quanying 
operations  which  again  uncover  them.  With  care,  however,  such 
actual  impressions  may  be  obtained,  and  there  is,  of  course,  one 
for  every  relief  mold. 

Foot-prints  of  this  type  are  common  in  the  Triassic  sandstone 
of  the  Connecticut  Valley  and  of  New  Jersey,  and  they  also  occur 
in  the  Triassic  sandstones  of  Europe.  In  general,  such  foot- 
prints indicate  that  the  accumulation  of  the  material  in  which  they 


40  FossUs,  Their  Nature  and  Preservation 

were  made  took  place  upon  the  land,  along  river  flood-plains, 
playas,  or  other  similar  areas.  Furthermore,  such  foot-prints  are 
more  common  in  deposits  formed  under  semi-arid  or  arid  condi- 
tions than  in  those  formed  in  pluvial  climates  because,  in  the 
latter,  the  mud  seldom  remains  hard  enough  for  a  sufficiently  long 
time  to  preserve  the  impressions  until  they  are  buried. 


Fig.  758.  —  Slab  of  red  sandstone  (Triassic)  showing  the  relief  impressions 
ol  mud-cracfcs  and  of  saurian  toot-prints  on  the  under  side  of  the  slab.  This 
represents  the  solidified  sand  which  covered  the  original  mud-cracked  layer  of 
day  in  which  Che  foot-piints  were  made.     Newark  formation.  New  Jersey. 

Many  foot-prints  may,  of  course,  be  made  by  a  single  animal,  while 
no  part  of  the  actual  animal  remains,  nor  need  the  region  in  which 
the  foot-prints  were  made  have  been  the  normal  home  of  the  animal. 
Indeed,  the  peculiar  occurrence  of  many  such  impressions  points  to 
a  temporary  visit  of  the  animals  that  made  them,  possibly  from  a 
distant  home.  If  the  animals  perish  in  the  region  where  their 
foot-prints  ate  made,  their  skeletons  may  not  remain  long  enough 
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FlG'  759-  —  Artkropkycta  karlani.  Natural  relief  molds  of  trail  on  under 
side  of  a  slab  of  Medina  sandstone  (about  one  third  natural  size).  (Courtesy 
N.  Y.  State  Museum,  John  M.  Clarke,  Director.) 


Fig.  760.  —  Climatkhnile!  jitilsont  (Logan).  A  track,  ^g  natural  size, 
and  terminal  in^iression.  Potsdam  sandstone,  Mooers,  Clinton  county,  N.  Y. 
(After  WalcotL) 
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intact  to  pennit  their  btirial  by  the  drifting  sands  or  other  agents. 
Thus  many  formations  tike  the  Triassic  sandstone,  abounding  in 
foot-prints,  are  poor  in  skeletal  remains. 

Trails.  —  Animals  crawling  upon  or  just  beneath  the  surface  of 
the  sand  and  mud  commonly  leave  a  definite  trail,  which  may  be 
preserved  in  the  same  manner  as  the  foot-prints.  As  in  their  case 
the  Felief  mold  on  the  under  side  of  the  covering  stratum  will  be 
more  commoidy  preserved  than  the  actual  trail ;  at  any  rate  it  is 


Fig.  761.  — Ctimatichtiilfs  youngi  (Chamberlin).  Portion  of  a  regular  trail 
shotting  forward-curving  transverse  furrows  made  by  pressing  the  beach  sand 
backwards  in  creeping,  also  curved  lines  made  by  the  impression  of  the  very 
fine  forward-arching  transverse  ridges  on  the  ventral  surface  of  the  animal. 
Potsdam  sandstone.     (Somewhat  reduced.)     (After  Walcott.) 


morefrequentlyrepresented  in  collections  (examples:  Artkrophycus, 
F'g-  759;  ClimalkhnUes,  Figs.  760,  761).  On  fine-grained  rocks, 
especially  such  as  are  formed  on  playas  or  river  flood-plain  sur- 
faces, the  delicate  trails  of  worms  and  of  insects  are  not  infre- 
quently found. 

Floating  jellj-fish  in  shallow  water  may  drag  their  tentacles  upon 
the  Ijottom  mud,  an<l  floating  seaweeds  may  form  similar  groov-  . 
ings  if  they  drag  upon  the  bottom.    Owing  to  the  fact,  however, 


Types  of  Fossils  43 

that  waves  and  currents  quickly  obliterate  such  groovings,  they 
are  seldom  preserved  long  enough  to  be  permanently  buried. 

Burrows.  —  Burrows 
made  by  worms  in  sand, 
and  by  moUusks,  echi- 
noderms,  and  other  ani- 
mals in  rock,  serve  as 
a  temporary,  if  not  per- 
manent, home  for  these 
organisms,  and  in  a 
measure  approach  the 
class  of  artificial  struc- 
tures. Burrows  in  loose 
material  are  preserved 
when  the  abandoned 
cavity  is  filled  with 
sand  or  mud.  Such 
pencil-like  rods  of  sand 
are  often  found  in  cer- 
tain sandstones,  pene- 
trating them  in  a  ver- 
tical direction.  A  rock  of  this  type,  found  in  northern  Scotland, 
is  called  on  this  account  a  pipe-stone,  and  similar  tubes,  called 


Fic.  ^6i.  —  Scolilhus  lintoHs  Haldeinftiio. 
Lower  Cambrian  (Antietam)  sandstooe.  PebUe 
near  Washington,  D.  C.    (After  Bassler.) 


Fre.  763.  —  Two  views  of  9  specimen  of  the  Devil's  Corkscrew  {Dantotutii), 
showing  the  spiral  and  basal  portion  of  the  roclt-filUng.  The  central  axis 
b  not  a  part  of  the  original,  but  is  left  for  support  of  the  spiral.     (After  Barbour.) 
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ScoUthus,  are  found  in 
early  Pakcozoic  sand- 
stones (Potsdam,  etc.)  of 
North  America  (Fig.  762). 
(See  also  Fig.  791,  p.  67.) 
What  appears  to  be  a 
remarkable  lai^  cork- 
screw like  burrow,  ending 
below  m  a  large  tubular 
cavity,  IS  found  in  con- 
tinental sandstones  of 
Tertiary  age  in  western 
North  America  (Ne- 
braska, etc.)  and  is  known 
as  the  Devil's  Corkscrew 
or  Damondix  (Fig.  763). 
If  this  is  a  burrow,  it  ap- 
pears to  have  been  made 
by  rodents,  the  skeletons 
of  which  are  not  infre- 
quently found  in  the 
basal  portion.  From  certain  structural  characters  of  the  core, 
however,  it  has  also  been  supposed  that  it  represents  a  plant 
which  grew  in  this  manner  and  was  subsequently  buried. 


:  ■  ii^ 

'      -                              J 

Fio  764  —  Mound  or  nes 
white  ants  in  latente  region  of  Africa 
(After  Branner  from  Prtnctpla  of  Stralig 
raphy) 


Artificial  Strictures 

Dredging  in  moderate  ocean  depths  often  brings  to  the  surface 

delicate  tubes  constructed  of  grains  of  sand  bound  together  by 


Fio.  765.  —  White  ants'  {termites'}  nests  of  earth.      Malta   Grosso,  plains 
of  Upper  Paraguay.     (.After  Branner,  from  Principles  of  Siratigrapky.) 
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organically  secreted  substances.  These  tubes  are  constructed  by 
marine  worms,  which  use  them  as  a  protective  covering  or  dwelling 
place.  Such  structures,  built  of  foreign  material,  are  also  produced 
by  some  other  animals,  but  as  a  rule  they  are  not  common  except 
in  the  more  highly  organized  types.  The  cells  constructed  by  the 
honey-bee,  and  the  "  nests  "  built  by  wasps  and  those  of  ants  and 
termites  {F^.  764-766),  may  be  regarded  as  the  highest  type  of 
1 


Fic  766  —  Diagrammatic  section  of  termites  nest  ( \tter  Houssay,  from 
TbompsoQ.)  A,  Ground  apartment;  B,  nest  in  hall  supported  by  pillars; 
C,  place  where  young  termites  are  hatched  on  shelves,  a-b;  D,  well  aired 
empty  attic;  o-ft.Bhelvestor  hatching;  e,  holes  in  ground  from  which  material 
for  nest  was  dug ;  m,  storage  chambers ;  p,  passages  in  wall ;  r,  royal  cham- 
ber (large  vaulted  room  on  ground  door)  in  which  king  and  queen  are  im- 
prisoned; s.  chambers  of  vrorkers.  The  whole  structure  is  sometimes  to  to 
15  feet  in  height, 

artificial  structures  among  invertebrate  animals,  but  these  are 
seldom  formed  under  conditions  that  make  their  preservation 
in  the  rock-forming  material  possible.  More  important  in  this 
connection  ate  the  structures  made  by  man,  his  flint  and  other 
implements,  pottery,  and  buildings,  and  these  are  often  pre- 
served in  the  younger  deposits  of  the  earth's  crust.  In  some 
cases  entire  cities  may  be  buried  and  become  fossils,  as  was  the 
case  with  Herculaneum  and  Pompeii,  buried  by  the  ashes  and  lavas 
of  Vesuvius  in  a.d.  79  (Fig.  72,  p.  127,  Pt.  I).  Excepting  those 
made  by  man, artificial  structures  are  of  Uttle  importance  as  fossils. 
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Coproliles,  etc. 
Tte  escrements  of  some  vertebrates,  such  as  fish  (Fig.  767),  and 
some  of  the  Mesozoic  reptiles,  have  a  characteristic  appearance 
which  permits  of   their  identification.     They 
are  chiefly  of  importance  as  indications  of  the 
presence  of  such  animals  in  the  waters  in  which 
the  rocks  inclosing  them  were  deposited.    The 
encrements  of  sea  fowl,  though  not  of  distinc- 
tive form,  are  of  peculiar  chemical  character, 
and  often  form,  as  we  have  seen  (p.  322,  Pt.  I), 
lite  of  a  fah"  (Wter   ^^l^^isive    deposits    of    mineral    fertilizer    or 
d'Orbigny).  guano.      The    stomach-stones    or   gastroiUks 

found  in  the  body  cavities  of  fossil  reptiles, 
and  which  are  supposed  to  have  assisted  in  the  mastication  of 
food,  have  peculiar  surface  characters,  by  which  they  can  be  recog- 
nized, even  when  found  un- 
associated  with  the  skeletons. 
On  flat,  sandy  shores,  at  low 
tide,  we  may  often  see  heaps 
of  sand  which  have  the  ap- 
pearance of  consolidated 
masses  of  heavy  twine.  These 
are  the  castings  left  by  ma- 
rine worms,  and  are  formed 
of  the  sand  which  they  have 
passed  through  their  bodies  in 

order  to  extract  from  it  the  ^i^  jes.-FossU  worm  casting 
Ol^anic  nutriment  mingled  (LumbrUaria  colon  MUnst.).  Litbo- 
with  it  (Fie.  768).  Some  for-  8'^P''«=  ^*.  Solnhofen.  Natural  sine, 
mations  appear  as  though  all 

the  material  composing  them  had  been  passed  through  the  bodies 
of  worms,  and  the  term  vermicular  rock  is  applied  to  them.  A 
great,  early  Paheozoic  limestone  in  northern  Scotland  has  been  in- 
terpreted as  formed  of  such  worm  castings  of  calcareous  mud. 

Deformation  of  Fossils 

By  pressure  of  superincumbent  rocks,  or  by  the  compresdve 

force  responsible  for  the  <ieformation  of  rocks,  the  included  fossils 

may  be  deformed  in  various  ways.     Some  of  these  are  illustrated 

in  the  adjoining  figures  (Figs.  769  a-d). 
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Fig.  769a.  —  Defomution  of  pelecypod  shell  {Protocardium  kiUanum,  Ceno- 
manian)  by  pressure.  (After  d'Orbigny.)  1,  anterior  view  of  perfect  shell; 
1,  3,  defonnatioD  by  pressure;  4,  left  valve,  perfect  shelli  5,  6,  deformation 
t^  pressure. 


Fig.  769*.  —  Deformiition  of  gastropod  shell  {PUuroUmaria  fituriausa)  by 
pressure,     i,  p«riect  shell;    t,  depressed.     (After  d'Orbigny.) 


^*^    I         i  ^ 


Fig.  769c.  — Deformation  of  ammonite  shell  {HUdoceras  bifrotu)  by  pressure. 
Upper  perfect  shell,  bwer  compressed.    (After  d'Orbigny.) 


Fossils,  Their  Nature  and  Preservation 


Fig.    769^.  —  Deformation   of    Binmonite   shell    (CaUoceras   nodotituimt)   by 
pressure,    i,  perfect;  3,  depressed  shell.    (After  D'Ocbiguy.) 


Index  Fossils  and  Facies  Fossils 

It  is  a  familiar  fact  that  certain  animals  living  in  the  sea  are 

restricted  to  certain  kinds  of  environment,  the  chief  element  of 

which  is  the  nature  of  the  bottom.    Thus  the  common  clam, 

Mya  arenaria,  lives  buried  only  in  muds  rich  in  organic  remains 
and  forming  parts  of  tidal  flats.  Some  other  moUusks  and  many 
brachiopods  live  only  where  the  bottom  is  formed  of  rapidly 
hardening  material  (lime,  etc.)  to  which  they  can  attach  themselves. 
Again,  others  like  the  hen  clam  {Macira)  of  the  Atlantic  coast 
will  live  only  upon  a  sandy  bottom.  As  the  sea  bottom  at  any 
one  time  presents  a  great  variety  of  characters  or  facies,  as  it 
is  called,  it  is  evident  that  each  will  have  its  peculiar  type  of 
organisms  in  addition  to  others  of  less  restricted  habitat,  and  that 
as  fossils,  they  will  always  be  associated  with  a  definite  rock 
type.  Such  fossils  are  called  facies  fossils,  and  they  will  be 
found  only  in  sediments  of  similar  character  and  will  be  absent 
from  others. 

When  fossils  are  restricted  to  a  limited  verUcal  range,  represent- 
ing organisms  which  lived  for  a  relatively  short  period  of  time  only, 
giving  way  thereafter  to  other  types,  they  become  satisfactory 
indices  of  that  particular  time  period  in  the  earth's  history,  and 
they  will  serve  to  identify  a  particular  level  or  horizon  in  the 
geological  series.  Such  fossils  are  called  irtdex  fossils,  and  they 
are  of  the  greatest  importance  to  the  stratigraphic  geologist,  for 
by  their  aid  he  identifies  his  formations  in  difTerent  localities.  It  is 
evident  tliat  the  best  index  fossils  are  those  which  have  the  greatest 
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horizontal  or  geographic,  with  the  smallest  vertical  or  time,  range, 
and  organisms  which  can  be  distributed  by  flotation  serve  this 
purpose  to  the  best  advantage.  Modem  examples  are  the  Argo- 
nauta  (Fig.  896)  and  the  related  Spirula  (Fig.  770) ,  the  shell  of  which 
is  found  cast  upon  the  shores  as  far  north 
as  Long  Island,  N.  Y.,  though  the  animal 
lives  only  in  deep  tropical  waters.  Among 
the  best  of  such  widespread  index  fossils 
of  limited  vertical  range  in  the  older 
Palaeozoic  series 'are  the  graptolites  (Fig. 
840,  p.  99),  and  in  the  Mesozoic  the  am- 
monites (Fig.  905,  p.  134).  While  these 
two  giT>ups  often  have  a  worldwide  dis-  Fig.  770.  — Spirula  pe- 
tribuUon,  the  majority  of  index  fossOs  are    ''^^'    Part  of  sheU  of  a 

,.    .     ,  „  ^,  -      .,       modem  deep-sea  cephalo- 

limited  to  small  areas.  Thus  the  fossils  pod,  frequently  found 
of  Europe  are,  on  the  whole,  distinct  from  floating  in  the  pelagic  dis- 
those  of  the    same    horizon    in    North    trict  far  from  the  home  of 

the  anunal.    s,  siphuncle; 
Amenca,   and    those   of    eastern   North    a,  protoconch;   p,  prosi- 

America  often  differ  markedly  from  those  phuncle.  Enlarged.  (Sec 
of  the  western  region.  This  is  generaUy  stt j^^^^^j^)  '^°*^  ^^"""^ 
due  to  the  fact  that  these  organisms  were 

derived  from  distinct  oceanic  provinces,  these  older  oceans  differing 
in  their  organisms  as  the  several  oceans  do  to-day.  They  may  also 
represent  local  development  in  circumscribed  epeiric  seas. 

Fossn.  Faunas  and  Floras 

The  totality  of  the  animals  of  any  one  locality  at  a  given  time 
constitutes  its  fauna  for  that  period.  The  similar  assemblage 
of  plants  constitutes  its  flora.  Faunas  and  floras  vary  from  place 
to  place  with  the  variations  of  the  physical  conditions  at  any 
period  of  time.  But  faunas  and  floras  may  overlap,  some  members 
of  one  faima  or  flora  extending  into  the  territory  of  an  adjoining 
one.  This  makes  possible  the  correlation  of  distinct  faunas  or 
floras  which,  nevertheless,  belong  to  the  same  geological  horizon. 
In  the  absence  of  distinctive  index  fossils,  reliance  upon  the  faunas 
or  floras  as  a  whole  becomes  necessary.  Thus  two  distinct  faunas, 
the  Ithaca  and  the  Naples,  each  characteristic  of  a  part  of  the  Upper 
Devonian  rocks  of  North  America,  are  recognized  as  contempora- 
neous faunas,  because  in  intermediate  sections  they  occupy  the 
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fonnations  in  a  repeatedly  alternating  manner  as  shown  in  the 
foUowing  diagram  (Fig.  771}. 

Finally,  it  should  be  noted  that  there  are  cosmopolitan  and 
provindal  faunas  and  Boras,  the  former  being  widespread  over 
the  earth,   the  latter  restricted   to  certain   provinces.    Marine 


Fig.  7;i.  ~  East  West  section  (restored)  across  central  New  York  to  show 
the  contemporaneous  characters  of  two  faunas  in  tlie  Upper  Devooian.  The 
section  must  be  read  with  the  understanding  that  beds  at  the  same  elevation 
above  the  bottom  bne  were  deposited  at  the  same  time.  G.  Genesee  Valley. 
JV.  Naples  region.  /.  Ithaca  region,  (i)  Beds  occupied  by  the  Hamilton 
fauna.  On  the  east  (right),  this  fauna  continues  longer  (through  250  feet  of 
strata),  and  is  separated  from  the  Ithaca  region  by  a  sandbar  10  miles  in  width 
(2);  west  of  this  bar,  the  Hamilton  fauna,  being  isolated,  becomes  modified  into 
the  lower  Itliaca  fauna  (j).  At  the  same  time  the  sea  was  invaded  from  the 
west  (left)  by  a  foreign  fauna,  the  Naples  fauna  (5),  the  two  existing  side  by 
side  and  shifting  position  from  time  to  time.  As  the  bar  (2)  became  submerged, 
the  Hamilton  fauna  and  Ithaca  faunas  commingled,  producing  the  upper 
Ithaca  fauna  (4)  which  extends  through  i?oo  feet  of  strata,  while  the  Naples 
fauna  (5)  continued  through  the  same  sttata  farther  west,  the  two  faunas 
frequently  shifting  their  position!^.  Note  that  at  Ithaca  only  the  indigenous 
Ithaca  fauna  was  enclosed  in  the  succcssbn  of  sediments ;  in  the  Genesee 
region  only  the  Naples  fauna;  in  the  Naples  region,  the  Naples  fauna  occurs 
b  the  lower  half  of  the  series  and  the  Ithaca  fauna  in  the  upper  half.  Finally 
the  Ithaca  fauna  became  further  modified  by  evolution,  and  by  the  arrival  of 
new  immigrants,  to  form  the  Chemung  fauna  (6).  (Modified  after  J.  M. 
ClaAe) 


provincial  faunas  generally  represent  new  developments  in  regions 
which  for  the  time  being  are  isolated  or  cut  off  from  inter- 
communication with  the  open  ocean.  Land  floras  and  faunas  may 
be  similarly  restricted  by  barriers  of  topographic  or  climatic  origb, 
or  by  the  distribution  of  food  supply  or  of  thuir  natural  enemies. 
Provincial  faunas  and  floras  of  one  geological  epoch  may  expand 
and  become  cosmopolitan  in  the  next  succeeding  epoch. 


Fossils  as  Indications  of  Sedimentation 


Fossils  as  Indications  or  Continental  or  Marine 
Sedimentation 

Plants.  —  All  plants  other  than  seaweeds  (marine  algse)  are 
land-derived,  though  some,  like  the  mangrove  and  the  eel-grass, 
grow  in  shallow  sea-water.  When  only  remains  of  land  plants,  such 
as  ferns  and  higher  types,  are  present  in  the  rocks,  it  is  generally 
safe  to  assume  that  these  rocks  were  deposited  upon  the  land,  as 
lake  or  playa  sediments,  or  as  river  flood-plain,  alluvial  fan,  or 
delta  deposits.  They  may,  however,  also  represent  the  deposits 
in  estuaries  where  the  abundant  fresh  water  kept  out  the  marine 
fauna.  Finally,  it  must  be  noted  that  land  plants  are  often  rafted 
far  away  by  marine  currents  and  that  abundant  remains  of  land 
plants  have  been  dredged  from  abyssal  depths  of  modem  oceans  at 
a  considerable  distance  from  land.  Such  deposits  are,  however, 
generally,  if  not  always,  assodated  with  the  remains  of  marine 


-  Many  classes  of  animals,  such  as  the  corals,  brachio- 
pods,etc.,  are  wholly  marine,  and  their  presence  in  rocks  indicates 
almost  certainly  a  . 

marine  origin  unless  ^      ':^        \.^\V"^^ 

they  represent  the  -i<^;'*  "^  v";\!^-i^-s>^ 

fossils  of  older  ma- 
rine rocks  re- worked 
by  agents  of  con- 
tinental sedimenta- 
tion. Other  classes 
have  both  marine 
and  non-marine  rep- 
resentatives. Mol- 
lusks  are  found  in 

both  salt  and  fresh  water,  but  the  fresh-water  forms  have  certain 
characteristics  which  make  it  relatively  easy  to  recognize  them 
(Figs,  772-773)-  One  division  of  the  Mollusca,  the-  snails  or  gas- 
tropods, also  has  representatives  upon  the  dry  land,  the  common 
garden  and  woodland  snail  {Helix,  Fig.  774)  being  the  most 
typical  emmple.  In  the  Hawaiian  Islands  and  other  districts,  snails 
live  even  upon  trees  and  shrubs,  but  all  of  these  have  character- 
istics which  the  trained  student  may  readily  recognize.  Still 
other  anii""!^  live  sometimes  in  the  sea  and  sometimes  in  rivers 
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which  enter  it,  as  is  the  case  with  the  salmon,  which  returns  to  the 
rivers  to  deposit  its  eggs  and  is,  incidentaUy,  captured  as  a  result 
of  this  return.    The  young  spend  a  part  of  their  life  in  the  rivers 


Fig.  7/3.  —  Fresh-water  gastropod  shells,  a,  Faiudina;  b,  Pkysa;  c,  Lim- 
naa;  d,  Pkmebis  (bottom  view);  e,  side  view  of  the  some.  (After  BiniKy 
and  Gould.) 

before  they  enter  the  sea.  In  the  case  of  fish,  it  appears  that 
during  the  early  periods  of  geological  time  they  were  wholly  re- 
stricted to  rivers,  entering  the  sea  oidy  in  the  later  periods  of 
the  earth's  hbtory.  This  seems  also  to 
be  true  of  some  other  organisms,  such  as 
the  horseshoe-crab. 

Fossils  as  Indicatoks  of  Cldiate 
Fig.  774. —The  com-  Plants  are  the  best  indices  of  climate 
,3>l"frd°..*d'  "P""  I--  ""'i.  '"I  -".n  the  remata  of 
gardens  [Helix  albo-  palms  and  Other  plants,  which  now  grow 
U^is).  Natural  size,  only  in  tropical  regions,  are  found  in  rocks 
Goidd*!  """^  ^"  deposited  in  regions  now  characterized  by 
temperate  if  not  Arctic  climates,  we  infer 
that  at  the  time  of  the  formation  of  these  rocks  the  climate  of  the 
region  was  much  warmer  than  to-day.-  The  occurrence  of  cycads 
in  Mesozoic  rocks  in  the  northern  United  States,  Canada,  and 
even  Alaska  and  Greenland,  indicates  that  at  one  time  the  climate 
of  these  regions  was  not  unlike  that  of  Cuba  to-day. 

Some  marine  animals,  like  the  reef-building  coral  polyps,  can 
live  only  in  waters  free  from  ice,  which  would  destroy  these  soft 
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animals,  living  as  they  do  so  near  to  the  surface  of  die  sea.  The 
finding  of  coral  reefs  in  the  Silurian  deposits  of  New  Siberia 
within  the  present  Arctic  circle,  therefore,  suggests  forcibly  that  the 
waters  of  that  region  were  free  from  ice  the  year  round  in  SUurian 
time,  and  hence  that  the  climate  of  the  region  was  at  least  sub- 
tropical. 

Fossils  —  The  Historical  Record  of  Organic  Evolution 

Although  the  geologist  uses  fossils  primarily  as  indices,  to  de- 
termine the  geological  horizon,  and  the  physical  conditions  of  origin, 
of  his  sediments,  he  cannot  wholly  neglect  the  biological  aspect 
which  fossils  have,  namely,  their  unique  value  as  the  actual  his- 
torical record  of  the  evolution  of  plant  and  animal  life  on  earth. 
Fossils  must  indeed  be  regarded  as  representing  the  successive 
steps  in  the  progress  of  organic  development,  and  though  only 
certain  parts  of  the  animals  and  plants  of  the  past  are  pre- 
served, so  that  the  record  is  an  incomplete  one,  still  it  is  sufficiently 
comprehensive  to  enable  the  student  not  only  to  recognize  the 
verity  of  organic  evolution,  but  also  to  determine  many  of  the  most 
fundamental  principles  and  laws  which  have  governed  such  de- 
velopment. 

That  the  modem  animal  and  plant  world  has  developed  by 
natural  methods  from  preexisting  simpler  forms  has  been  held 
by  many  philosophers  even  in  antiquity,  and  has  been  clearly 
demonstrated  by  the  labors  of  biologists  in  many  fields.  It  was, 
however,  not  until  the  fossils  of  the  various  geological  formations 
were  studied,  and  their  chronological  succession  determined,  that 
the  actual  historical  record  of  such  development  became  available. 
True,  the  older  students  of  fossils  attempted  to  explain  this  record 
as  one  of  successive  special  creations,  rather  than  of  natural  de- 
velopment. Such  was  the  attitude  taken  by  the  great  French 
naturalist,  Cuvier  (portrait.  Fig.  6,  p.  24,  Pt.  I),  the  father  of  com- 
parative anatomy,  and  the  student  of  the  vertebrate  remains  found 
in  the  Tertiary  rocks  of  the  Paris  Basin.  His  contemporary,  La- 
marck, however  (portrait.  Fig.  7,  p.  24,  Pt.  1),  the  student  of  the 
invertebrate  fossils,  especially  the  MoUusca  of  that  region,  was  an 
avowed  evolutionist,  believing  in  the  natural  descent  of  the  mod- 
em from  the  ancient  species  which  he  found  as  fossils  in  the  strata. 
Lamarck  also  formulated  a  theory  of  the  causes  of  modification  of 
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the  organisms,  these  causes  being,  first,  the  influence  of  the  environ- 
ment upon  the  org&nism  in  forcing  it  to  change  its  characters  in  an 
adaptive  way  from  generation 
to  generation,  and  second, 
the  influence  of  use  or  disuse, 
in  causing,  either  the  further 
development  and  the  per- 
petuation of  an  organ,  or  a 
part  of  the  animal's  body, 
which  had  newly  appeared, 
or  causing  the  atrophy  and 
final  disappearance  of  old 
organs  or  parts,  which  were 
no  longer  of  use  to  the 
animal.  Lamarck  held  that 
characters  newly  acquired  by 
animals  and  plants  during 
their  lifetime  were  subject  to 
inheritance  by  their  offspring,  and  were  thus  perpetuated.  These 
several  doctrines  are  generally  grouped  together  under  the  name 
of  the  "Lamarckian  factors 
of  Evolution,"  but  their  va- 
lidity is  questioned  by  many 
naturalists,  especially  those 
who  interpret  them  in  the 
narrow  sense  m  which  they 
were  originally  applied  by 
Lamarck  himself. 

It  was,  however,  Louis 
Agassiz  (1807-1873,  portrait. 
Fig.  775),  a  pupil  of  Cuvier, 
who  first  showed  the  true 
relationship  which  fossil 
animals  held  to  those  of 
the  modem  world,  although, 
strangely  enough,  Agassiz 
never  accepted  the  doctrine 

of  evolution,  but,  like  his  teacher,  regarded  the  animals  and  plants 
of  the  successive  geological  periods  as  older,  simpler  creations,  as 
discarded  triab,  so  to  speak,  of  the  Creator,  in  the  fashioning  of 
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the  more  perfect  modem  forms.  But  to  Agassiz  belongs  the  credit 
of  pointing  out  that  the  young  of  the  modem  forms  resembled, 
in  their  essential  characters,  the  adults  of  similar  forms  in  the 
immediately  preceding  geological  period,  more  than  they  did  their 
own  adult  stages.  A  contemporary  of  his,  the  biologist  and 
geologist,  Carl  Vogt,  however,  interpreted  this  similarity  as  indi- 
cating genetic  relationship.  The  brilliant  naturalist,  Ernst 
Haeckel  (1834-1919,  portrait,  Fig.  776),  embodied  this  phenome- 
non in  his  "I^w  of  Biogeneas,"  according  to  which  the  young  of 
higher,  or  more  recent,  forms,  repeat  the  adult  characters  of  their 
ancestors  which  lived  in  former 
geological  time,  and  thb  doc- 
trine of  the  recapitulation  of 
ancestral  characters  has  become 
the  cornerstone  of  philosophic 
palaeontology.  The  German 
biologist,  Karl  Ernst  von  Baer, 
known  as  the  father  of  the 
science  of  embryology,  had  for- 
mulated a  similar  law,  though 
he  compared  the  embryonic 
stages  of  modem  forms  with 
the  adult  stages  of  existing 
dmpler  types,  finding  a  simi- 
larity which  at  best  is  only  a 
superficial  one. 

The  first  demonstrations  of 
the  correctness  of  the  recapitu- 
lation theory,  in  the  sense  in  which  it  is  accepted  by  paleontolo- 
gists (not  the  von  Baer  sense),  were  made  by  American  paleon- 
tologists: Alpheus  Hyatt  (1838-1902,  portrait,  Fig.  777),  for 
invertebrate  animab,  and  Edward  D.  Cope  (1840-1897),  for  the 
vertebrates.  Hyatt  was  able  to  show  that  the  successive  stages 
in  the  shell  of  an  ammonite,  found  by  breaking  away  the  later  or 
maturer  shell-stages,  corresponded  exactly  in  character  to  those 
of  the  adults  which  preceded  them  in  time,  and  which  represented 
their  ancestors. 

A  few  EDuatntions  will  make  this  clear.  Id  the  Cretaceous  beds  of  Texas 
and  Mexico  occurs  an  ammonite  (Placenticeras  ^num.  Fig.  778),  the  adult 
■bell  of  which  has  a  compressed  outei.  (ventral)  portion,  flattened  and  bordered 


Fig.  777.  —  Au<BEDS  Hyatt. 


Fossils,  Their  Nature  and  Preservation 


OQ  either  ude  by  elongated  nodules.  In  sonoewbat  younger  beds  of  the  same 
s  another  form  {SUmlonoceroi  guadaloupe,  Fig.  jyg),  the  adult  of 
which  has  a  broad  outer  or  ventral  suriace,  bordered 
by  prominent  nodules,  while  a  second  series  of  elon- 
gated rib-like  nodules  is  found  on  each  side  of  the 
shell.  But  when  this  species  is  only  half  grown  (as  can 
easily  be  shown  by  breaking  the  outer  whorls  of  the 
shell)  it  has  predsely  the  form  and  omamentatioi)  of 
the  adult  shell  of  the  previously  mentioned  q)ecie3 
(P.  planum)  which  precedes  it  in  time.  This  is  shown 
in  outline  m  the  cross  section  of  the  inner  whoils  of 
this  spedes  in  Fig.  7S0  i.  In  the  same  or  somewhat 
younger  beds  is  found  a  third  spedes  {SlatiUmeeerai 
fstudocoslQium),  which  is  still  more  advanced,  having 
a  very  broad,  gently  arched  ventral  or  outer  surface, 
and  flat  sides,  marked  by  coaiie  irr^ular  cross-ridges 
or  ribs.  The  half-grown  individual  of  this  speavi  re- 
sembles in  all  respects  the  adult  of  the  preceding 
iq>edes  (5.  guadahupe)  while  the  young  resembles  the 
half  grown  S.  pudaUmfe  or  the  adult  PlacaUkeras 
planum.  This  is  sbomi  in  the  cross  section,  V\g.  780  a. 
Thus  the  form  and  surface  features  of  the  adult  stage 
of  the  first  spedes  are  repeated  in  the  adolescent  stage 
of  the  second,  and  in  the  early  youth  of  the  third 
species,  while  the  adult  features  of  the  second  q>edes 
reappear  in  the  adolescent  period  of  the  third,  the  most 
specialized  of  the  three.  Such  progressive  changes  are 
shown  in  the  other  characters  of  the  ammonite  shdl 
as  well.  As  will  be  seen  by  a  reference  to  Figures  905 
and  906,  pp.  134-135,  the  line  of  junction  between  the  shell  and  the  transverse 
partition  or  septum,  that  is,  the  so-called  suture,  is  very  complicated,  bong 
strongly  lobed  and  fluted.  Every  ammonite,  however,  when  young  has  a 
much  simpler  suture,  which  recalls  that  of  the  adult  CeratUc  (Fig.  904,  p.  133), 
which  lived  mainly  in  the  Triassic  period,  that  is  the  period  preceding  those  in 
which  ammonites  flourished  m  abundance  (Jurassic,  Comanchean,  and  Cre- 
taceous). At  a  still  younger  stage,  the  suture  of  the  ammonite  resembles 
that  of  the  adult,  ConiatUe  (Fig,  903,  p.  133),  which  flourished  still  earlier, 
being  most  characteristic  of  the  late  Palaeozoic.  The  adolescent  ceratite  too 
has  a  goniatite  type  of  suture,  while  at  a  still  earlier  stage  in  its  development, 
its  suture  is  without  the  complication  of  lobes  and  saddles,  and  so  resembles 
that  of  the  adult  of  the  early  nautiloids,  which  alone  represented  the  coiled 
cephalopods,  in  eariy  Paheozoic  time.  The  young  or  adolescent  goniatite  toe 
is  essentially  a  nautHoid,  and  often  does  not  assume  its  distinctive  characters 
tmtil  it  approaches  maturity.  Thus  it  is  evident  that  the  late  Paheozoic  gonia- 
tite passed  through  a  nautiloid  stage  in  its  own  development,  whQe  the  eariy 
Mesozoic  ceratite  passed  first  through  a  nautiloid,  and  then  through  a  goniatite 
Stage,  after  which  it  acquired  the  adult  characters.  The  later  MesoKUC  am- 
monites finally  skipped  the  nautiloid  stage,  b^ioning  with  the  goniatite  stage. 


Flo.  778.  —  Pla- 
ctntheras  planum, 
adult.  Ed  ' 
diowing  flattened 
venter  margined  by 
nodes,  the  condition 
found  in  the  young 
of  SlantoK 
One  half  natural  size. 
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Then  they  passed  through  the  t:eretite  stage,  after  which  they  acquired  the 
adult  ammonite  characters  of  the  suture  <Fig.  ;Si).  The  several  types  of 
sutures  are  illustrated  in  the  figure  (Fig.  783)  on  page  sS. 


Fig.  779.  —  Slantotuxeras  guadaloupe.  a~b,  side  and  end  view  of  the  adult ; 
c,  a  broken  specimen  showing  the  difierently  shaped  inner  whorls ;  d,  section 
of  the  young  stages.    (All  reduced.) 


Another  illustretion  may  be  given  from  the  Gastropoda.  In  Eocene  times 
the  spedes  of  the  genua  Fusus  bad  rounded  whorls  separated  by  deep  depies^ns 
and  marlKd  by  continuous  Tegular  transverse  wrinkles  or  ribs,  and  by  simple 


Flo.  78a.  —  a.  Section  of  Slantonxenu  pseudocostalum,  showing  changes  in 
form  of  shell  (reduced),  b,  Section  of  young  stages  of  Stanlonoceras  guadalimpt 
(enlarged)  showing  change  from  young,  rounded,  to  later  con^iressed  stages. 
(For  adult  see  Fig.  779-) 
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Fig.  781.  —  Successive  stages  in  the  individual  development  of  the  sutures 
in  ammonoids.  A^  a  goniatite  {G,  diadema) ;  B,  a  ceratite  (Tro piles  subbul- 
UUus) ;   Cy  an  anunonite.     (From  Zittel.) 


*  »-A4\A-< 


Fig.  782.  —  Suture  lines  of  ammonoids.  a-6,  goniatitic  suture  (o,  Anorces- 
tes  subnaiUilisiuSt  Middle  Devonian;  b,  Gephyroccras  intumesuns^  Upper 
Devonian :  c,  ceratitic  suture  {CeraiUes  nodosiis,  Muschelkalk) ;  d-g,  ammozutic 
sutures,  showing  progressive  increase  in  complexity;  d,  McdiicoUia  primas 
Permian;  r,  Pkylloceras  nilssoni^  upper Liassic ;  /,  Pinacoccras  metternichi^  Upper 
Triassic  (space  between  two  sutures  blackened);  g,  Lytoccras  liebigi^  Upper 
Jurassic.  £/,  e/,  external  lobe ;  «,  external  saddle ;  L/,  first,  //",  second  lateral 
lobe;  Ls  and  5',  first,  /  and  ll'\  second  lateral  lobes;  Asy  accessory  lobes  and 
saddles;  //,  internal  lobe;    n,  suture  line.     (After  von  Stromer  and  2^ttel.) 


783.- 
(Eocene) ;  entire  shell,  and  npiol 
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^>irallines  (Fig.  783).  In  Uter Tertiary  time,  the  adult  whorls  became  angular, 
and  the  ribs  became  conLiacLed  mto  nodules  or  "nodes"  on  the  angulation, 
while  additional  spiral  lines  appeared  between  the  original  spirals.  (See  Fig, 
8SS  e.)  The  young  of  these  later,  more  specialized  spedes,  however,  are  in  all 
lespects  the  counterparts  of  the  adults  of 
the  early  Tertiary  species.  In  other  words, 
the  later  Tertiary  species  r^jeat,  or  reca- 
pitulate, in  their  own  youth  the  adult 
characters  of  their  early  Tertiary  ancestors. 
Finally,  the  most  characteristic  species 
of  Fusus  in  the  modem  sea  also  reach  the 
angular  and  noded  condition,  but  this  is 
acquired  in  the  adolescent  instead  of  the 
adult  stage,  and  is  further  complicated 
by  the  development  of  a  large  number  of 
spiral  lines,  whereas  there  are  few  in  the 
Tertiary  species  (Fig.  888  «).  In  the  ado- 
lescent stage  these  species  have  the  char- 
acters found  in  the  later  Tertiary  species, 
but  in  their  very  young  stages  they  cor-  .  , 

respond  to  the  adult  of  the  early  tertiary      Portion  enlarged, 
spedes,  having  all  the  simplicity  of  that 

shell.  There  are  also  in  the  modern  ocean  more  specialized  spedes,  in  which 
the  noded  condition  b  restricted  to  the  adolescent  stage,  while  in  the  adult  the 
nodes  have  become  confluent  into  a  continuous  ridge  or  keel.  Other  ^)edes, 
still  further  modified  in  the  adult,  are  known,  and  as  the  new,  more  spedalized 
characters  are  added  in  the  adult,  the  less  specialized  characters  are  pushed 
farther  back  in  the  life  history;  that  is,  they  appear  at  earlier  and  eariier 
stages  in  the  individual  development,  while  some  of  the  earliest  stages,  those 
corresponding  to  the  adult  characters  of  the  primitive  spedes  in  early  Tertiary 
time,  may  be  dropped  out  altogether. 

The  Study  of  the  several  stages  in  the  development  of  the  in- 
dividual (ontogeny)  and  the  comparison  of  these  stages  with  the 
life  history  of  the  race  to  which  the  individual  belongs  (phylogeny) 
has  not  only  proved  that  each  individual  repeats  in  its  own  de- 
velopment the  adult  characters  of  its  immediate  ancestors,  but  also, 
that  these  ancestral  characters  are  passed  through  at  progressively 
increasing  rates.  Moreover,  it  has  shown  that  at  any  period  of 
time,  when  the  race  as  a  whole  has  advanced  to  a  certain  position, 
there  are  generally  some  species,  which  lag  behind,  at  least  in  some 
characters,  so  that  in  certain  respects  they  resemble  the  adults  of 
more  primitive  spedes.  These  are  called  retarded  individuals  or 
Species.  Others  there  are  which  pass  beyond  the  condition  reached 
by  the  average  of  the  species,  and  so  foreshadow  the  characters 
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which  will  be  normal  for  the  race  at  a  future  time.    These  are 
called  accderaled  individuab  or  species. 


In  the  examples  already  dted  from  the  genus  Funa,  which  at  the  present 
time  has  most  of  its  spedes  iD  the  noded  and  many-spiraled  Uage,  we  find 
illustrations  of  both  retardation  and  acceleration.  There  are  a  few  existing 
species  which  never  reach  the  angular  and  wMed  form,  although  they  develop 
numerous  spirals.  Tbey  therefore  retain  the  form  of  the  whorl  which  was 
characteristic  of  thdr  ancestors.  In  this  respect  they  are  retarded.  Other 
species  pass  through  the  noded  stage,  and  develop  a  median  ridge  or  keel, 
and  still  others  pass  through  the  keeled  stage  early  in  adulthood  and  lose  th« 
Iceel  when  fully  grown,  thus  adding  a  new  stage.  Both  of  the  characters  last 
mentioned,  the  keel,  and  the  rounded,  but  ribless  stage,  which  succeed  it  in 
some  species,  are  more  advanced  than  those  possessed  by  the  majority  of  the 
species  of  the  genus  which  exist  b>day.  Therefore  the  ^>edes  thus  charac- 
XemtA  must  be  considered  as  accelerated  in  development.  As  we  have  seen, 
however,  they  pass  through  all  of  the  ancestral  stages  that  the  average 
erJHfing  spedes  passes  through,  only  at  a  more  rapid  rate. 


The  study  of  large  series  of  shells  of  the  same  and  related  species 
has  further  shown  that  characters  arise  progressively,  and  always 
in  the  same  order,  and,  fur- 
ther, that  the  new  characters 
appear  first  in  a  very  subdued 
manner,  becoming  more  and 
more  pronounced,  as  develop- 
ment progresses.  In  other 
words,  the  development  is  a 
continuous  one,  progressing 
along  certain  few,  and  generally 
determinable,  paths,  though 
these  paths  vary  for  different 
groups  or  "genetic  series." 
Such  continuous  and  prc^es- 
sive  development  in  definite 
directions  is  called  orthogeneHc 
development  or  briefly  orthogen- 
esis. Orthogenetic  tendencies 
are  seen  both  in  individual 
development  or  ontogeny  (ortho-ontogenesis  or  ortho-ontogeny) 
and  in  racial  development  or  phylc^ny  (ortho-phylogenesis  or 
ortho-phylogeny).    This  principle  of  orthogenesis,  together  with 
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that  of  acceleration  and  retardation,  has  bectane  the  very  comet- 
stone  of  modern  philosophic  paheontology. 

When  it  is  recognized 
that  the  development  of 
oi^anisms  proceeds  in  all 
directions,  though  for 
each  series  there  is  a 
relatively  small  number 
of  directions  along  which 
development  takes  place," 
it  is  apparent  that,  again 
and  again,  the  develop- 
ment of  certain  chaiac- 
ters  may  be  carried  so 
far  that  they  will  become 
harmful  to  the  organism 
possesang  them,  that,  in 
other  words,  they  will 
be  out  of  harmony  with 
the  requirements  of  the 


Fk>.  785.  —  Altked  Rossix  Wallace. 


environment.  In  other  cases,  characteristics  which  adapt  the 
organism  perfectly  to  a  certain  environment  will  be  no  longer  ser- 
viceable, or  may  even  be 
'harmful,  when  thatenviron- 
ment  changes,  and  the  or- 
ganism finds  it  impossible 
to  migrate  to  a  new  environ- 
ment. Under  such  condi- 
tions the  organism  must 
perish,  while  others,  with- 
out such  characters,  or  with 
those  which  especially 
adapt  them  to  the  chang- 
ing environment,  will  con- 
tinue to  exist  and  pass 
these  characters  on  to  their 
o&spring.  This  is  the 
principle  of  Natural  Sdec- 
Fic,  786,  ~  Thoiub  Henky  Hdxley.  (By  lion  first  given  to  the  world 
-  'n  of  D.  Appkton  &  Co.)  ^y  Charles  Darwin  (1809- 
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1883,  portrait,  Fig.  784)  in  1858-1859  ^  and  ^multaneously  an- 
nounced by  Alfred  Russel  Wallace  (1822-1913,  portrait,  Fig.  785). 
It  was  rapidly  accepted  as  a  working  hypothesis  by  scientific  men 
as  well  as  by  laymen,  leading  to  the  adoption  of  the  doctrine  of 
evolution  itself;  and  to  this  acceptance  no  one  has  contributed 
more  than  Thomas  Henry  Huxley  (1825-1895,  portrait,  Fig.  786), 
whose  vigorous  writings  in  defense  of  evolution  and  of  Darwinism 
rapidly  silenced  the  voices  of  its  opponents.  The  principle  of 
Natural  Selection  has  come  to  be  of  fundamental  significance 
in  all  biological  studies,  and  its  discovery  and  announcement 
mark  the  beginning  of  a  new  epoch  in  the  intellectual  develop- 
ment of  the  human  race. 


Mile  Creek,  western 


CHAPTER  XXVn 

A    BRIEF    SUMMARY    OF    THE    CHARACTERS    OF    THE 
VARIOUS   CLASSES   OF   PLANTS   AND   ANIMALS 

Before  undertaking  the  study  of  the  successive  periods  and 
eras  in  the  history  of  the  earth,  the  student  should  acquire  some 
knowledge  of  the  structure,  mode  of  life,  and  distribution  of  the 
several  classes  of  organisms  with  which  we  have  to  deal  in  the 
geological  record.  A  course  of  study  in  general  zoology  and  botany, 
and  one  in  elementary  palaeontology,  form  a  proper  preparation  for 
the  study  of  earth  history,  but  since  such  preparation  is  not  acquired 
by  all  students  of  geology,  the  following  brief  smnmary  is  inserted. 
It  should  not,  however,  be  regarded  as  a  substitute  for  the  more 
complete  study  of  animal  and  plant  life  which  all  students  of  his- 
torical geology  should  undertake.  When  this  is  not  done,  however, 
the  discussion  in  the  present  chapter  should  be  supplemented  by 
careful  laboratory  and  museum  work  with  recent  and  fossil  organ- 
isms. 

Classifications  of  Organisms 

The  unit  of  organic  life  is  the  individual,  and  in  the  highest 
form  of  life,  i.e.,  mankind,  each  individual  has  its  separate  name. 
This  consists  of  one  or  more  given  names,  and  the  family  name, 
the  former  identifying  him  as  an  individual,  the  latter  as  a  mem- 
ber of  a  limited  group,  the  family.  A  man  might  also  be  known  as 
John  Smith,  Boston,  Mass.,  U.  S.  A.,  which  would  further  classify 
him  as  a  member  of  a  certain  leading  conmiunity,  which  itself  is  a 
unit  within  a  larger  commonwealth,  which  in  turn  is  an  integral 
part  of  a  still  larger  conmiunity,  that  of  the  Usonians.  If  he  is  a 
descendant  of  the  Mayflower  group,  he  will  probably  regard  him- 
self as  a  typical  and  "  original  "  American.  It  is  on  an  analogous 
plan  that  animals  and  plants  are  classified,  but  the  classification  is 
not  by  conmiunity  of  association,  but  by  community  of  descent 
or  "  blood  relationship.  " 
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Plants  and  animals  represent  the  two  organic  kingdoms,  and 
each  kingdom  is  subdivided  into  large  groups  known  as  ^A)4a, 
each  of  which  contains  a  number  of  classes.    The  classes  are  again 


FlO.  788.  — Wharf  piles  mt  Vines'ard  Haven,  Mass.,  overgrown  with  sed- 
entary benthonic  organigms.  (Courtesy  of  Che  American  Museum  of 
Natural  History.)  A  few  of  the  organisms  are  exposed  above  water  level. 
Different  organisms  cover  the  three  piles;  that  on  the  left  is  covered  mainly 
by  ascidians  and  vronu  tubes,  with  a  few  sea-anemones.  The  middle  [Hie 
has  a  larger  number  of  sea-anemones,  some  contracted,  others  expanded. 
Mussels,  barnacles,  and  other  animals  also  occur.  The  broken  pile  on  the 
right  is  thickly  covered  with  mussels  well  seen  in  the  lower  part,  while  in  the 
uppier  portion  they  are  overgrown  with  hydroids,  fully  eipanded.  A  few  other 
animab  also  occur.  All  of  these  belong  to  the  sedentary  benthos.  Vagrant 
benthonic  ammals  are  illustrated  by  starfish  on  the  upper  parts  of  the'  cen- 
tral and  distant  piles,  and  nektonic  animals  by  the  fbh  and  the  squid.  A 
pknktonic  type  b  represented  by  the  medusa  or  jelly-h^ih  on  the  right. 

divided  into  orders  and  the  orders  into  families.  Each  family 
(which  is  a  much  larger  assemblage  than  the  human  family,  holding 
more  nearly  the  numerical  position  of  the  human  clan)  contains 
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one  or  many  genera  (singular  genus),  and  eacli  genus  contains  one 
or  more  species.  The  species,  in  turn,  may  have  many  varieties, 
and  there  is  usually  a  vast  number  of  individuals.  It  is  obviously 
impossible  to  name  each  individual,  when  it  is  recognized  for 


Fig.  789.  —  Near  view  of  a.  part  of  the  underwater  portion  of  the  group  of 
wharf  piles  at  Vineyard  Haven,  Mass.,  shown  in  the  preceding  view,  to  bring 
outthedetailoftheanimal  life;  taken  from  a  slightly  different  angle.  (Courtesy 
of  the  American  Museum  of  Natural  History.) 

example  that  there  are  more  than  384,000  living  species  of  the 
sngle  class  of  insects,  some  of  those  spedes  with  individuals  beyond 
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Fic.  790.  —  Part  of  a  rocky  tide-pool  at  East  Point,  Nahant,  showing  its 
plaDt  and  animal  life  at  low  tide.  From  the  life-size  model  in  tbe  American 
Museum  of  Natural  History  by  courtesy  of  that  institution.  The  overhang- 
ing rock  ledge  is  thickly  covered  with  small  barnacles  and  the  sides  with 
mussels  (Mytilui).  A  small  group  of  the  little  sea  snail  {Pupura  topiUus)  is 
seen  among  the  seaweed  on  the  left.  The  great  mas^  of  seaweed  is  the  round 
stemmed  rock-weed  (Fucus  teskulosits),  with  clumps  of  Bryozoa  attached  to 
the  lower  portions,  but  some  of  the  flat-stemmed  Aicophyllum  also  occurs. 
On  the  floor  of  the  cave  are  other  seaweeds,  especially  the  Irish  Moss  (Ckondntt 
crhpus).  Sea  anemones  are  seen  in  various  stages  of  contraction  in  the  hack- 
ground,  and  an  expanded  one  in  the  foreground.  Scattered  over  the  floor  are 
sea-urchins  {Slrongylocenifolus  drdbachitnsii)  and  starfish  (Aslm^is). 
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human  power  of  counting.  Hence  naturalists  have  limited  their 
taxonomic  efforts  to  the  naming  of  species,  and  sometimes  varieties, 
disregarding  individual  differences  which,  nevertheless,  exist.  A 
man  may  recognize  and  call  by  name  his  dog  or  horse  among  a 
thousand  others,  but  no  one  will  distinguish  between  two  flies  or 
mosquitoes  of  the  same  spedes,  though  a  specialist  may  attempt 


Tm.  791. — Section  of  a.  portion  of  the  sea-bottom  at  Woods  Hole,  Mass., 
showing  the  manner  in  which  annelids  build  their  tubes  in  the  muddy  sand. 
Many  worms,  shells,  fragments  of  crustacean  skeletons  (crab-claws,  etc.),  and 
other  organic  remains  are  buried  in  the  mud,  in  position  for  fossilization.  The 
surface  of  the  sand  is  strewn  over  with  shells  of  Molluscs,  partly  buried  horafr 
shoe  crabs,  etc.  Many  of  the  small  shells  are  inhabited  by  heimit  crabs.  A 
large  live  whelk  (Sycoty^us)  is  partly  buried  in  the  sand,  while  several  fish  and 
&  scallop  {PuUn)  swim  among  the  eel-grass.  Foreground  of  full-size  model 
of  shallow  water  life.    (Courtesy  American  Museum  ol  Natural  History.) 

even  this  for  particular  purposes.  All  living  human  beings  are 
classed  in  one  genus,  Homo,  man,  and  one  species,  sapiens,  the  wise 
one,  irrespective  of  color,  form,  or  mental  development,  though 
there  are  some  who  would  separate  modem  mankind  not  only 
into  races  but  also  into  distinct  species.  Other  species  of  man 
have  existed  in  the  past,  such  as  Homo  neanderthalensiz,  Homo 
heidflbergensis,  etc.,  and  even  other  genera  of  man-like  creatures, 
such  as  EoarUhropus  and  Pithecanthropus,  have  lived  on  earth. 
Domestic  animals,  too,  such  as  the  dog,  are  classed  as  one  spe- 
cies despite  their  vast  diSerences,  though  if  they  existed  in  a 


68  Classes  of  Plants  and  Animals 

state  of  nature,  they  would  uoquestionably  be  placed  in  separate 
genera. 

.  In  the  naming  of  a  spedes,  the  genus  to  which  it  belongs  is  given 
first,  and  the  species  next.  The  generic  name  is  generally,  though 
by  no  means  always,  derived  from  the  Greek.  It  is  always  written 
with  a  capital  initial.  The  species  name  is  commonly  derived  from 
the  Latin,  and  is  reduced  to  the  adjective  form  and  made  to  agree 
in  gender  with  the  generic  name.    It  should  never  be  capitalized, 


Fig.  791.  —  The  Pondweed;    a,  semi-aquatic  plant   with  submerged   leaves 
{Potamogclon).     (From  Ratzel.) 

though  some  naturalists  insist  on  doing  so  if  the  name  is  derived 
from  a  proper  noun.  Thus  while  Heliopkyllum  halH  is  the  proper 
form,  many  prefer  to  write  it  Heliopkyllum  HalH  becanse  the 
specific  name  was  given  in  honor  of  the  paleontologist,  James 
Hall.  The  name  of  the  author  of  the  species  is  generally  placed 
after  it  In  more  or  less  abbreviated  form.  Thus  Alrypa  TelicvlarU, 
Linn,  means  that  Linnxus  gave  the  specific  name  Telicularis  to 
that  particular  species  of  Atrypa,  because  of  its  reticulated  sur- 
face ornamentation.  The  generic  and  specific  names  are  always 
italicized  in  print. 
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'  The  name  of  a  family  b  derived  from  that  of  a  prominent  genus 
in  the  family,  but  the  names  given  to  higher  divisions  are  inde- 
pendendy  derived.  In  the  table  of  plants  (p.  71),  the  phyla 
and  classes  only  are  given,  but  in  that  of  the  animals,  smaller  divi- 
sions are  in  some  cases  inserted. 


CLASSIFICAnOK  OF  ORGANISMS   ACCORDING  TO  MODE  Of    LlTE 

According  to  the  conditions  under  which  they  live,  plants  and 
animak  are  classed  as  aquatic  or  terrestrial,  depending  upon  whether 
they  inhabit  the  water  or  the  dry  land  (air).  Aquatic  forms 
may  be  further  divided  into  marine,  brackish-water,  and  fresh- 


Fig.  793  a.  —  The  Brine  Shrimp  (Arltmu  sa~ 
Hna).  Side  vien,  enlarged.  (From  Chambers' 
Bueychpadia.) 

water  forms  (Fig.  793).  There  are  also 
a  few  animals  which  inhabit  intensely 
saUne  brines,  such  as  the  brine  shrinip 
{Artemia  salina,  Fig.  793  a). 

Aquatic  forms  may  live  upon  the  bot- 
tom of  the  sea  or  lake,  or  upon  other 
organisms  attached  to  the  bottom.  Such 
forms  are  called  betttkonic  organisms 
{benthos)  and  they  may  be  attached  to 
the  bottom,  as  are  corals,  sponges,  sea- 
weeds, etc.  (sedentary  benthos.  Figs.  788- 
791),  or  move  freely  over  it,  as  do  many 
mollusks,  starfish,  crabs,  etc.  {vagrant 
benthos,  Figs.  790, 791).  Among  animals 
there  are  a  number  of  types  such  as  fish, 
whales,  squids,  etc.  which  lead  a  perma- 


Fio.  793  *.  —The  Portu- 
guese man-oi-war  (Pliy- 
saiia  arethuia).  A  fioat- 
ing  (planktonic)  colonial 
orgaoisni,  with  the  va- 
riously modified  members 
of  the  colony  attached  to  a 
Boating  bladder  (pmuma- 
tophcre).     Atlantic  Ocean. 
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General  Characters  op  the  More  Important 
Plant  Types 

Only  a  few  of  these  groups  of  plants  are  of  sufficient  importance 
in  the  study  of  the  past  life  of  the  earth  to  require  a  brief  charac- 
terization. 

Protophrtes.  —Of  this  phylum  only  the  bacteria  are  of  palsonto- 
logical  importance,  for  to  this  division  probably  belonged  the  earliest 
types  of  organisms.    Thty  consist  of  a  single  organic  cell,  which 


Fig.  7qs.  —  Microscopic  plants  of  the  modem  ocean.  A.  CoccotMophort, 
a  protophyte  covered  witli  calcareous  plates  or  coccoliths,  greatly  enlarged; 
B,  Rhabdosfhere,  a  protophyte  covered  with  calcareous  rods  or  rhabdoliths, 
greatly  enlarged;  C,  Diatoms,  or  low  alga;  secreting  ^lidous  cases  or  frus- 
tules,  greatly  enkiged.     i,  Navicula  jennii;  3,  Navicula  Aifitr. 

in  the  more  primitive  forms  is  without  a  nucleus.  These  organ- 
isms contain  no  leaf-green  or  chlorophyl,  being  able  to  produce 
their  food  in  the  dark.  The  lime-precipitating  bacteria  have 
already  been  referred  to.  Among  the  protophytes  are  also  classed 
the  coccolithophores,  a  group  of  marine  planktonic  algx  which 
secrete  plates,  disks,  or  rods  of  carbonate  of  lime  (coccoliths,  dis- 
coliths,  rhabdoliths,  etc.)  which  often  play  an  important  part  in 
bottom  deposits  (Figs.  795  A,B). 

Thollopbytes.  —  The  thallus  plants  are  so  called  because  they 
form  an  expansion  or  thallus  of  simple  structure,  not  differen- 
tiated into  root,  stem,  or  leaf,  although  structures  resembling  these 
occur  in  the  larger  forms.  They  range  from  unicellular  to  multi- 
cellular types,  and  from  microscopic  size  to  the  huge  algie  of  the 
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Pacific  coast,  which  may  grow  to  a  length  of  aeveral  hundred  feet. 
Three  familiar  groups  are  included  here:  (i)  the  o/gie  which  develop 
leaf-green  (chlorophyl)  and  live  in  the  lighted  zones  of  the  sea  and 
fresh  water,  (z)  the  fungi, 
without  chlorophyl  and 
which  often  grow  in  the  dark 
(mushrooms,  etc.),  and 
(3)  lichens,  which  consist  of 
an  intei^rowth  of  algx  and 


Fig.  796. — SixaUed  Fucoids  or  "chon- 
drites," believed  to  be  sea-weeds  or  algK. 
A.  Chotidrita  inlrkalus  of  the  Flysch 
(Oligocene),  Swiss  Alps;  B,  C  larponi 
(C.  bMttuii),  UaA  WUrttemberg.    (AftW 


Flo.  797  a.  —  Haiitneda  luna.  A  lime-  Fig.  7976.  —  Chora  nulgarii,  a 
secreting  green  alga  or  nullipore  of  the  Ume-secieting  green  alga  of  fresb- 
modem  sea.    (After  Oltnuums.)  water  ponds  and  lakes.    (Haas.) 
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fungi  and  are  capable  of  growing  anywha«  upon  land,  evm  in 
desert  climates  and  upon  barren  rock  surfaces. 

The  aiga  are  well  represented  in  the  rocks  of  the  earth's  crust, 
chiefly,  however,  by  the  lime-secreting  forms  (nuUipores),  which 
have  already  been  described  (Figs.  797  a,  b,  803  a,  b),  and  by  the 
silica-secreting  diatoms  (Fig.  795  O-  Many  types  of  impressions 
upon  rock  surfaces  have  been  interpreted  as  those  of  algte  and  are 
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dassed  as  Jucotds,  from  the  name  of  a  common  modem  form, 
Fucus.  Such  markings  are,  however,  often  of  mechanical  origin. 
(Fig.  796^,5.) 

Modem  algte  are  divided  into  green,  brown,  and  red  algs,  ac- 
cording to  the  prevailing  coloring  matter  present.  Examples  of 
the  green  algffi  are  the  sea-lettuce  ( Ulva),  the  lime-secreting  Bali- 
meda  (Fig.  797  a)  which  abounds  on  coral  reefs,  and  the  lime-secret- 
ing Chora  (Fig.  797  6)  of  fresh  water.    The  slimy  pond  scum  also 
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belongs  here.  A  delicate  filamentous  marine  form  (Cladophora)  is 
shown  in  Fig.  798.  Brown  algae  are  represented  by  the  common 
rock-weed  (Fucus)  of  tie  Atlantic  coast  (Fig.  790),  by  the  floating 
Gulf-weed  {Sargassum)   (Fig.   794),   by  the  devil's  apron-string 


Fio.  799. — The  Devil's  Apron-String  (Lamt'wirw).  A  modern  brown 
alga  shown  bere  growing  on  the  bottom  of  the  North  Sea.  It  is  wide-spiead 
b  the  Atlantic.     (From  Ratzel,  Die  EriU.) 

(Lamitiaria)  (Fig.  799),  and  the  large  potash  and  iodine  secreting 
kdps  of  the  Pacific.  They  are  often  remarkably  like  land  plants 
(e^>eciaUy  the  Sargassum),  with  a  root-like  "  hold  fast  "  and  stem 
and  leaf-like  parts.  Air  bladders  are  common.  The  diatoms  are 
also  often  classed  here.  The  red  algE  are  mostly  small,  and  range 
from  bright  to  dark  brownish  red.     The  Irish  moss  (Cho»drus), 


Fig.  800.  —  Kelp  gatberere,   Cromarty,  Scotland.    The  kelp    is  Chtrndna 
eritpus  or  Irish  moss,  which  is  sold  in  the  markets.    (Photo  by  autka.) 


01.  ^A  characteristic  modern  red  alga  (dried  and  pressed  spedmen, 
nearly  natural  size).     {Dumonliafdijonttis.)    (After  Walcott.) 


A  modern  red  alga  (dried  spedmen)  and  portion  showing  si 
{Dosya  iibbesii).    Twice  enlarged.     (After  Wakott.) 


Fic.  803. — Lime- secreting  red  algfe.  a,  CoraUitm  sp.  from  the  modern 
sea.  (After  Oitmanns.)  b,  Lilliolhamnium  gmavUme  Cretaceous  (Scnonian) 
France;  A,  a  knobby  thallus,  natural  size;  (i,  place  of  attachment) ;  B,  bn- 
gitudjnal  section  Xi6oi  C,  transverse  section  X  160;  (;,  cellular  tissue, 
I,  tetrasporangia  arranged  in  layer?}.  (From  Steinmann.)  (See  also  Fig.  182, 
p.  a  73,  Pt.  L) 
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often  used  for  food,  is  an  example  (Fig.  800).    Others  are  shown 
in  Figs.  801,802.     A  number  of  them  secrete  lime  and  are  im- 


Fig.  8o<  a-e.— Catamites,  a,  hypoUietical  restoration  ot  the  tree;  b,  a 
portion  of  the  stem;  c  and  d,  hypothetical  twigs;  t,  lower  end  of  the  stem. 
(After  Schenk.} 

portant  as  rock  formers  {Corallina,  Fig.  803  a,  Lilhothamnium, 
Fig.  803  6,  etc.).  They  have  already  been  discussed  (p.  272,  Pt.  I). 
Fungi  and  lichens  are  also  found  in  some  of  the  younger  forma- 
tions, but  are  difficult  to  recognize.  Because  of  their  abiUty  to 
grow  everywhere,  lichens  may  have  formed  the  primitive  type  rf 
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land  v^etation  during  the  earlier  periods  of  the  earth's  history. 
Especially  remarkable  forms  of  lichois  are  the  "  hanging  moss  " 
(Usnea)  of  pine  forests,  the  "  reindeer  moss  "  of  the  Arctic  tundras, 
and  the  "  ma""!<  lichen " 
of  the  Arabian  Desert,  the 
manna  of  the  Israelites  dur- 
ing the  forty  years  of  their 
wanderings. 

Biyophytes.  —  These  in- 
clude the  mosses  and  liver- 
worts, which  are  all  land 
plants,  thoi^h  some,  like  the 
peat  moss  {Sphagnum),  grow 


Ftc.  804  /.  —  Fruitage  of  Ca- 
lawUUs.  A ,  Calamostackyi  lypica, 
coDM,  one    third    tiatura]    sise; 

B,  C.  biiHtyiuuts,  section  of  part  Fig.  805.  —  A     modem    horsetail    or 

of     cone  X  5;      C,    Paiaotlackys  scouring-rush    (Etiuiictum  arvtnse).      Id 

etoHtata,  section  of  part  of  cone  the  nuddle  a  sterile  stalk;    on  left  a  fer- 

X  1):    ■"r  sterile   bnct;    iv',  fer-  tile  or  ^>ore-bearing  stAlk  with  branches; 

tile  bnct ;  I,  sporangiuin  or  spore  on  right    a  spore-bearing  one   without 

case.     (From  Stdninann.)  branches.     (From  Haas,  LeilfasiUien.) 

only  on  very  wet  surfaces.  The  plant  consists  of  a  stem  with 
small  leaves  and  root-like  filaments  (rhyzoids),  but  no  true  roots. 
They  reproduce  by  spores.  Fossil  mosses  arc  known  from  the 
Tertiary  and  doubtfully  from  the  Mesozoic  rocks. 

Pteridophytes.  ^  The  fern  plants  are  of  great  importance  among 
the  land  v^tation  of  the  past.  Of  the  several  classes  the 
most  important  were  the  Equisetise,  Sphenophyllise,  the  lycopods 
and  the  ferns  proper.    The  first  were  represented  in  the  later  Pale- 
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ozoic  by  the  giant  Calamites  (Figs.  804  a-/),  which  were  trees  some- 
times reaching  60  meters  in  height.  In  structure  they  were  like  tbe 
modem  horsetails  (Fig.  805), 
small  wood  or  wayside  plants,  .  -^ 

but    more    complicated.     The 
stem  of  the  modem  fomi  is  a 


Fig.  806  a.  —  Sphetiopkyllum  scUol- 
keimi.  A  part  of  a  stem  with  two 
wborb  of  leaves.    (After  Weiss.) 


Fig.  806  b.  —  FniiUge  of  St^te- 
tiopkyllum  aitiustifolium.  .4,  branch 
witb  leaves  and  two  fruit  cones,  one 
half  natural  ^ze;  B,  part  of  a  cone 
enlarged  twice;  a,  axis  of  cone; 
w,  bracts  (sterile) ;  s,  spoiangiuin  or 
spore  case.    (After  ~ 


hollow  cylinder,  arising  from  a  prostrate  root-stock  or  creeper.    It  is 
regularly  jointed  with  whorls  of  slender  leaves  at  tbe  joints.    Spore- 


.)    (After  Kemer 
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bearing  cones  develop  on 
separate  plants  or  sepa- 
rate parts  of  the  plant 
Calamites  are  often  pre- 
served merely  as  stone  ■ 
molds  of  the  interior  hol- 
low cavity  of  the  stem 
and  show  a  characteris- 
tic longitudinal  fluting 
and  cross-jointing. 

Spketu>ph^um  is  a 
slender  twining  form  with 
whorls  of  wedge-shaped 
leaves.  It  is  restricted 
to  the  Palsozoic  (Figs. 
806  a,  J). 

The  Lycopods  (Fig. 
807)  are  familiar  small 
woodland  creepers  re- 
sembling large  mosses, 
and  are  extensively  used  for  Christmas  decorations.  The  stem 
arises  from  a  creeping  root-stock  and  has  a  central  cylinder  of 
woody  tissue  surrounded  by  bark,  and  bearing  nimierous  small 


Fte.  809.  —  Root-stock  of  Pakeozoic  trees.  {Stigmaria  ficotdes.)  A ,  view 
of  the  numerous  root-stocks  proceeding  from  the  stem,  much  reduced ;  B,  part 
of  a  mngle  root-stock  {siiimarium)  about  one  third  natural  size,  showing  a 
numbtf  of  rootlets  still  adhering,  and  the  scars  (n)  where  others  have  dropped 
off;  C,  cross-section,  of  a  compressed  stigmarium  showing  it  to  be  a  hollow 
wood  cylinder)  m,  cavity  formerly  occupied  by  the  pith,  about  two  thirds 
natural  uze;  D,  section  of  a  rootlet,  enlarged  seven  times;  or,  mr,  and  I'r, 
outer,  middle,  and  inner  bark,  respectively,  h,  woody  cyUnder.    (After  Stein- 
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leaves.  The  spores  are  commonly  fonned  on  cones  and  are  very 
numerous  in  modem  forms,  constituting  the  familiar  lycopodium 
powder  used  in  fireworks.  The  Palieozoic  lycopods  were  mostly 
trees,  varying  in  height  up  to  loo  feet  or  more.  Two  principal 
types  are  recognized,  (i)  Lepidodendron 
(Fifj.  808)  Willi  the  .surface  of  the  stem 
euvt-red  with  leaf  scars  marking  the 
places  from  which  the  leaves  have 
dropped  and  arranged  in  spiral  forms 
outlined  by  diamond-shaped  fidds,  and 
(2)  Sigillaria  (Fig.  14242')  with  the  leaf 
-,  arranged  in  vertical  rows,  gen- 
erally separated  by  ridges.  The  root- 
stocks  from  which  these  trees  arose  are 
known  as  Sligmaria  and  are  generally 
presen,'ed  as  rock-filled  cylinders  cov- 
ered with  pits  where  the  rootlets  were 
attached  [Fig,  Sog). 

True  ferns  (Figs.  810  a,  b),  which 
reproduce  by  spores,  also  go  back  to 
the   Palawzoic,   but   at    that    time  a 


Fic,  8ioa. — AnKxJernfem 
(Polypodium  vtdgare)  entire 
plant.  I,  piece  of  fiond, 
showing  sporangia;  2.  aspo- 
nngium  with  its  stalk  mag- 
nified; 3,  another  one  burst- 
ing uid  discbargicg  its 
spoies.    {Alter  Gray.) 


Modem  ferns.  1-3,  Dktienia 
,  puma;  3,  portion  of  a  [MD- 
3,  a  fruit  dot  in  its  cup- 
shaped  indusium.  4-5,  AspUmum  UUlytit- 
Toides;  4,  a  pinna;  5 ,  part  of  a  lobe  in  fruit, 
enlarged.     (After  Gray.) 


Fig.  Sir.  —  A  fossil  cycad 
feraoflheCoal-measures.  (iVfu- 
Toplerii  ktaropkylla;  A,  part 
of  frond;  B,  a  pinnule  enlarged, 
showing  the  foriced 


Fig.  Su. —  Fossil  ferns  (cycad  fen 
the  Coal-measures  and  PeTmian  (RalUie- 
gtndes).  A,  Colli plensconferla,  upperpart 
of  frond  (PenniaD);  B,  CaUifimdiuiii 
miVati^,  Coal-measures;  /,  triangular  pin- 
nules of  ifaachis;  C,  C.  pieridium,  a  pin- 
nule enlarged.    (After  Steimnaon.) 


Fic  813,  —  Modern  cycad  trees.  [A,  B,  Cycas  rnieluUf.)  A,  complete 
female  (not  cone-bearing)  plant,  about  one-fiftieth  natural  size;  b,  fully  de- 
veloped fronds;  b',  undeveloped  (enrolled)  fronds;  B,  end  of  stem  of  male 
plant  with  fronds  cut  away  to  show  the  terminal  cone;  one- fifth  natural  size; 
bb,  bases  of  fallen  fronds;  C,  D,  Fructification  of  short-stemmed  form  {Zamia 
inlegrifolia,  see  also  Fig.  S14) ;  C,  single  seed-bearing  scale  attached  to  the 
uis  (a)  seen  from  above,  showing  the  two  ovules,  or  seeds,  characteristic  of 
ttch  scale ;  one-half  natural  size ;  D,  cone  of  female  plant  showing  the  outer 
furface?  <^  doe»<et  Kales  i  one-third  natural  me.    (Aft«  SteimnatiD.} 
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F^O.  814.  —  Zamia  spiraUs,  a  ]xviBg  cyc^i  soutb- 
em  Australia,     (After  LyeU.) 


higher  type  of  fem-like  plants  abounded,  in  which  the  reproduc- 
tive parts  had  reached  almost  the  complexity  of  the  seeds  in 

floweriug  plants.  These  are  called  cycad  ferns  (Cycadofiltcales) 
and  from  them  the 
cycads  and  the  true 
flowering  plants  were 
probably  derived. 
They  belong  prop- 
erly in  the  next 
phylum.  Thesimpler 
spore-bearing  ferns, 
however,  persist  to 
the  present  time. 

Spermatopbytes. 
—  The     true     seed 

plants,  as  distinct  from  spore  plants,  are  represented  in  the  PaUeo- 

zoic  by  the  cycad  ferns,  which  are  the  more  familiar  "  ferns  "  itf 

the  Coal-measure  beds  (Figs.  811,  813), 

and  in  the  Mesozoic  era  by  the  cycads 

which    still  survive  in  the  sago  palm 

(Fig.  813)  and  others  of  that  type.    They 

develop  thick,  short  stems  (though  some 

are  tall)   covered  with  leaf  scales  and 

crowned  with  fem-like  leaves  (Figs.  814, 

815).    The  seeds  are  developed  in  cones 

similar  to  those  of  the  pine,  but  in  the 

Mesozoic  forms  (Fig.  816),  which  were 

for  the  most  part  in  advance  of  the 

modern  types,  an  organ  closely  resembling 

a  flower  was  developed.    A  related  form, 

but    with    broad,    fan-Uke,    undivided 

leaves,  is  the  maidenhair  tree  or  Ginkgo 

(Fig.  817),  which  was  abundant  in  the 

Mesozoic,  and  has  persisted  to  the  pres- 
ent  time.    It   has  been  in   cultivation 

aroimd  the  Japanese  and  Chinese  temples 

smce  ancient  days. 
The  oldest  coniferous   trees  (gymno- 

sperras)  are  the  cordaites  (Fig.  818),  the  leaves  and  stems  of  which 

are  common  in  the  later  Palseozoic  deposits,  after  which  they 


15.  — Frond  of  a 
fossil   cycad    [ZamUs    Je- 
).      Upper    Jurassic; 
one-half  natural  »ze.  (After 

Steinmann.) 
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died  out,  having  probably  given  rise  to  the  ginkgoes.  The  leaves 
are  often  long  and  strap-shaped  (sometimes  exceeding  eight  feet 
in  length),  uniform,  and  situated  at  the  tip  of  a  stem,  which 


Fig.  817.  — Branch  and  leaves  of  modem  and  fossU  species  ol  Ginkgo. 

A,  C.biMn, the  living  species,  branch  with  leaves  and  male  flowei  {b)  reduced; 

B,  lipe  seed  oF  same  (s)  with  an  aborted  seed  (s"),  one-half  natural  size; 

C,  G.  hulloni,  leaf  one-half  natural  size.     Jurassic     (Dogger).      Yorkshire. 
(After  Steij 
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sometimes  grew  to  the  height  of  loo  feet,  and  had  a  hi^y  de- 
veloped structure  resemUing  that  of  modem  conifers.  The  seeds 
were  formed  in  cones  and  were  not  unlike  those  of  the  seed-fems 
in  complexity. 


FlO.  8i8.  —  Cordaita,  a  characteristic  late  Palroztnc  tree. 
(with  stem  shortened)  about  ^^j;  natural  size  (more  than  loo  feet  high); 
B,  long  strep-shaped  leaf,  natural  size;  C,  broader  and  shorter  type  of  leaf, 
one-third  oatural  uze;  D,  longitudinal  section  of  male  Bower;  a,  axb; 
br,  bracts;  bs,  petioles;  pi,  pollen  sacs,  enlaiged  3^  times;  £,  seed,  one-half 
natural  size;  G,  section  of  same,  somewhat  enlarged;  /,  outer  fleshy,  h,  iruwr 
woody  coating;  pk,  pollen  chamber;  e,  endospenn;  P,  bngitudinal  and 
transverse  section  of  a  small  stem;  ffi,  pith  cylinder;  d,  diaphragm  of  same; 
k,  woody  cylinder ;  n,  bark.     (After  Steinmaon.) 

Conifers  of  the  modem  type  were  abundantly  developed  in  the 
Mesozoic  and  in  the  Cretaceous  and  Tertiary,  when  the  great 
sequoias  were  widespread.  Two  species,  Sequoia  gigantea  (Fig.  819) 
and  the  related  redwood  (5.  sempenirens),  still  survive.  The 
essential  characters  of  the  principal  modem  conifers  are  shown  in 
Figures  830  to  823. 
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Fig.  810.  —  The  Spruce.  (AbUs  picta.)  i,  male  flower;  1,  fem&le  flower; 
3,  carpel  leaf  from  above  with  the  3  seed  buds  X  i;  4,  corresponding  cover- 
ing leaf  X  >;  5,  ripe  cone;  6,  scale  of  same  viewed  from  above  with  the  two 
winged  seedi',  7,  corresponding  covering  leaf ;  S,  branch  with  leaves  (needles) 
and  a  (ew  male  Bowers;  g,  enlarged  needle  of  seedling  plant;  10,  seedling 
with  normal  and  reversed  position  of  seed;  ii,  cross  section  of  a  needle  X  7; 
(i,  1,  5  and  10  onv-liaU  natural  size).     (After  Fischbach.) 
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The  Angiosperms  or  true  flowering  plants,  which  at  present  com- 
prise more  than  half  of  all  known  plants,  first  became  prominent 
in  the  later  Mesozoic  (Cretaceous).  It  was  at  this  time  that  insects 
first  became  an  important  element  of  the  land  faunas,  and  it  has 
been  thought  that  this  was  a  potent  factor  in  the  rapid  rise  of 
flowering  plants.    For  such  plants  depend  largely  upon  insects 


nc.  8ii.  — The  Fir  {Abia  peclinata).  i,  Male  flower;  a,  female  Bower; 
3,  scale  o(  same;  4,  carpal  leaf  with  1  seed  buds  X  4;  5,  scale  of  cooe  seen 
from  below,  witli  covering  leaf  when  ripe;  6,  mature  seed  with  t  wings;  7,  ma- 
ture cone;  S,  axis  or  spindle  of  denuded  cone;  9,  branch  with  needles; 
to,  seedling  plant  in  autumn  of  first  year.      (All  eitcept  No.  4  one  half  natunl 

to  carry  the  pollen  from  flower  to  flower  and  so  effect  fertilization, 
whereas  the  older  types  of  plants,  including  the  conifers,  have  their 
pollen  transported  by  wind,  and  fertilization  is  a  less  certain  pro- 
cess. Flowering  plants  now  cover  the  surface  of  the  earth  nearly 
everywhere,  and  have  even  ventured  into  the  water,  as  rushes 
and  water  lilies  in  ponds,  and  as  eel-grass  and  mangrove  in  the  sea. 
See  Figs.  274,  p.  330,  and  284,  p.  340,  Pt.  I. 


Fig.  8ja.  —  The  Pine(PtniM  sylveslrii).  i,  Branch  with  needles  aod  flowers; 
3,  male  flower;  3.  female  flower;  4,  carpel  from  above  with  two  seed  buds; 
5,  the  same  from  below,  with  covering  leaf;  6,  mature  cone;  7,  seedling  plant 
with  cotyledons  and  «mple  leaves;  8,  one  of  the  seedling  leaves  enlarged; 
9,  douUe  needle  in  developmental  stage;  10,  transverse  section  of  two  mature 
needles.  1,  2,  3,  6,  one-hali  natural  size;  7,  natural  size;  others  enlarged 
iroro  5  to  S  times.    (After  Fischbach.) 


Flo,  813.  — The  Larch  (Larix  earapaa).  i,  Branch  with  (a)  male,  (t)  fe- 
male flowers  X  i ;  1,  female  flower,  natural  size ;  3,  carpel  with  seed  buds  X  3 ; 
4,  cover  of  same  X  3;  S.  mature  cone  X  J;  6,  scale  with  covering  leaf  still 
intact,  natural  size;  7,  the  two  seeds  of  a  scale  X  i;  8,  leaf  of  seedling  plant 
X  5.    (After  Fischbach.) 
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Animals 

The  following  table  gives  the  phyla  and  classes  of  animals  living 
and  extinct. 

Subdivisions  of  the  Animal  Kingdom 

Phylum  XL  —  VERTnSRA TA. 

Class  6.    Mammalia^  or  mammals  (including  man). 

Class  5.    AveSy  or  birds. 

Class  4.    RepiUia^  or  reptiles. 

Class  J.    AmpkUna,  or  amphibians. 
.  Class  2.    PisceSy  or  fishes. 

Class  I.    Ostracoderma,  or  ostracoderms. 
Phylum  X,  —  PROTOCHORDATA  {Amphioxus,  ascidians,  Balanoglassus,  etc.). 
Phylum  IX.  —  ECHINODERMA TA, 

Class  7.    Holothuroidea,  or  holothurians. 

Cktss  6.    Echinoidea,  or  sea-urchins. 

Class  5.    Asteroideaf  or  star-fish.' 

Class  4.    Ophturoidea,  or  brittle-stars. 

Class  J.    Crincidea,  or  crinoids. 

Class  2.    Blastoideaf  or  blastoids. 

Class  I.    Cystoidea,  or  cystoids. 
Phylum  VIII,  —  ARTHROPODA, 

Class  5.    Hexapoda,  or  insects. 

Class  4.    Acerala,  or  spiders,  scorpions,  merostomes. 

Class  J.    Crustaceay  or  lobsters,  crabs,  Entomostraca,  bamades,  ostracods, 
.trilobites,  etc. 

Class  2,    Myriopoda^  or  centipedes,  mQlepedes. 

Class  I.    Proiarthropoda  (Peripatus). 
Phylum  VII.  —  VERMES^  or  worms.    A  heterogeneous  group  including  at 
present  some  unrelated  forms  and  divided  into  eight  classes  and 
many  subclasses. 
Phylum  VI.  —  PLATYHELMINTHA,    or  flatworms  including    planarians, 

tapeworms,  etc. 
Phylum  v.  — MOLLUSC  A. 

Class  y.  Cephalopoda^  including  the  subclasses  Dibranchlata  (squids, 
octopus,  belemnites,  etc.)  and  Tetrabranchiata  (ammonoids  and  nauti- 
loids). 

Class  6.    Pieropodaj  or  pteropods. 

Class  5.    Canularida  {Conularia,  HyolUheSy  Tentaculites,  etc.). 

Class  4.    Scaphopoda  {Denialiumy  etc.). 

Class  J.    Gastropoda,  or  gastropods,  snails. 

Class  2.    Amphineura  (Ckikm,  etc.). 

Class  I.    Pelecypoda,  or  lamellibranchs  or  bivalves. 
Phylum  IV.--MOLLUSCOIDEA. 

Class  2.    Brachiopoda,  or  brachiopods. 

Class  I.    Bryozoa,  or  Polyzoa  (moss-animak). 
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Pkyhm  in.  —  C(ELENTERATA. 

Clast  6.    Ctatophora, 

Class  5.    AnlhtKoa,  coral   polyps,   including    four   orders   OctosepUta, 
Hexaseptzta,  Tetiaseptata  and  AsepUta. 

Class  4.    Scyphomedusa,  including  the  larger  jellyfish. 

Class  3.     Hydromtdusa,  or  hydroids  and  smaller  jellyfish. 

Class  3.    Graplczaa,  or  graptolites  (extinct). 

Class  I.    Bydrocorailina  (including  the  modein  millepoits  and  the  ex- 
tinct stromatoporoids). 
PAjrfiMt  //.  —  PORIFERA  (Sponges). 

Class  5.    Cakarea,  or  calcareous  sponges. 

Class  4.    Myxosponpda. 

Class  3.    Trummida,  at  Hexactinellidc. 

Class  3.    Telraxcnuia. 

Class  I.    £u:«rateia,orhomy  sponges,  including  the  common  bath  sponge. 
Phylum  I.  —  PROTOZOA   with  numerous  classes   including   the   calcareous- 
shelled  Poraminifera  and  the  silicious-shelled  RadMaria,  which  are 
the  only  ones  known  in  a  fossil  state. 

Essential  Chabactebs  of  the  Moee  Ibiportant 
.Types  of  Animals 

A  brief  characterization  of  the  more  important  classes  may  be 
given. 

Protozoa.  —  These  are  all  single-celled  animak  of  simple  organi- 
zation though  complex  constitution.  Protozoa  were  probably 
the  first  animals  in  the  worid, 
but  these  Protozoa  were  of 
mtich  simpler  and  more  prim- 
itive structure  than  their 
modem  descendants.  The 
common  modem  fresh-water 
Amaba  (Fig.  S34)  illustrates 
the  essential  characters  of 
the  animal.  Most  members 
of  the  class  Foraminifera 
build  calcareous  shells ;  some 
build  them  after  they  have 
attained  full  growth,  but 
others  begin  early, 
result,  on.  further  growth  of 
the  animal,  the  shell  i 
jtmall  and  a  part  of  the  soft  tissue  lies  outside  of  it.  This 
is  thea  surrounded  by  shelly  matter  forming  a  new  chamber. 


Fic.  R7i,.  — Amaba  prottas,  Ehr.  A 
modem  sheU4ess  protozoan.  «,  nucleus; 
>nlraaile  vacuole.  A  large  in- 
gested diatom  is  seen.  Greatly  enlarged. 
(From  Conn.) 
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Some  Foramitiifera  have  few  chambers,  others  very  many,  depoid- 
ing  on  the  relative  rate  of  growth  and  shell  building.    Many  foram- 


FiG.  815. — A  typic&l  perforate  FoTsminifer  (Rol^ia)  with  expanded  pseu- 
dopodia.     Recent.     Enlarged  lo  times.     (After  Steinmann.) 

iniferal  shells  are  pierced  by  numerous  holes  (Perforata)  through 
whidi  the  organic  matter  projects  as  threads  (J>seudopodia,  Fig. 


Fio.  8i6.  —  UilMi  Untra.  A  modem  Foraminifer  of  the  imperfbnte 
type,  with  extended  fleshy  pseudopodia  only  from  the  terminal  aperture. 
(Compare  with  Gtobig/rina.  Fig.  195,  Pt  L)  Important  as  a  limestone  buQder. 
(From  Haas'  Leil/assilien.) 
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835 ;  see  also  Figs.  195,  196,  p.  275,  Pt.  I) ;  others  {Imperforaia, 
Fig.  836)  are  without  these  pores,  from  which,  however,  the  class 
derives  its  name.  The  rodt-building  work  of  these  shells  has 
already  been  noted  (p.  376,  Pt.  I).  All  shell-building  Forami- 
nifera  are  marine,  either  plankton  or  vagrant  benthos.  The 
Radiolaria  are  marine  pJanktonic  Protozoa  which  secrete  an  in- 
ternal silicious  structure,  often  of  great  delicacy  and  beauty  (Figs. 
837,  1-5).    These  shells  form  an  important  source  of  silica  in  the 


Fig.  817. — A  group  of  RadiokrU,  i,  DiiUphaHus  rotundus;  i,  Ptero- 
codon  cantpana.  Tertiary,  Barbadoes;  3,  Pelolospyrii  corona,  from  tripolite  of 
Grottc;  4,  Padocystu  schoiuburgln,Ta^aiy,Biabadoes;  $,  Aclinomma  ickwa- 
t/cris.    From  tiiixilite  of  Grottc 

marine  sediments  from  which  subsequent  .structures  (concretions, 
etc.)  are  made  by  segre^tion. 

Porifera  (Sponges).  —  Most  modem  sponges  are  colonial  animals 
attached  to  the  sea  bottom,  though  a  few  also  occur  in  fresh  water. 
In  its  Amplest  structure,  a  sponge  consists  of  a  central  cavity  sur- 
rounded by  fleshy  matter  in  which  there  are  many  canals  and  pores 
to  permit  the  water  to  enter  and  bring  in  food.  This,  in  primitive 
forms,  is  digested  in  the  central  cavity,  but  in  others,  in  secondary 
cavities  surrounding  the  central  one  (Figs.  828-830).  The  water 
and  undigested  food  are  carried  out  through  the  tenninal  orifice  or 
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osculum  of  the  central  cavity.  The  flesh  is  strengthened  and  sup- 
ported by  a  mesbwork  of  homy,  silicious  or  calcareous  fibers,  more 
or  less  united  into  a  solid  mass  (Fig.  830}.  This,  in  the  homy 
sponges,  forms  "  the  sponge  "  familiar  to  all,  hut  it  must  he  remem- 


FiG.  818.  —  A  simple 
modcTa  sponge  {Ascrlla 
primordiaiis).  (After 
Haeckel.) 


Fig.  iiq.  —  A  modern  complex  silkious  Eponge 

{Hdlcnta  carpenleti),  with  the  body  strengthened 
by  silicious  rods  and  spicules  and  long  basal  fibers 
of  silica,  used  (or  tixation. 


bcred  that  the  organic  matter  has  all  been  removed.  In  such  a 
sponge  a  number  of  tube-like  central  cavities  may  generally  he 
seen,  each  terminating  in  a  large  round  osculum  (Fig.  830,  a).  In 
some  homy  sponges  silicious  rods  or  spicules  are  present,  while  in 
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alicious  sponges  they  predominate,  forming  a  rigid  silicious  atnic- 
ture  by  the  union  of  thdr  ends  (Figs.  831  a,  b).  In  still  other 
^xmges  tliis  material  is  carbonate  of  lime.    Such  sponges  often  re- 


FiG.  83a.  —  9celetoD  of  a  modern  tetractioellid  spmgt  (Camitau  ntfcanf) 
from  the  Adriatic  Sea,  with  section,  a,  oscula  or  excuirent  apertures;  b,  cen- 
tral cavity  (pataguter);  c,  dermal  layer;  d,  external  pores  (ostia)  irtiich 
admit  the  water,  whicli  is  carried  by  canals  (epirrliiza)  to  tlie  digestive  duun- 
bers  and  thence  by  other  canals  (aporrhyza)  to  the  central  cavity  (puagattei) 
and  out  by  the  osculum.     (From  Strinmann.) 


Flo.  S31  a.  —  Part  of  transverse  sec- 
tion of  a  modem  sponge  (Heterofegma  Fio.  831  b.  — Part  of  the  skeletal 
nodm-tordii),  showing  location  of  structure  of  a  silicious  sponge 
siacules.  (Alter  Potejaeff,  ChaUtnter  (Jereica  pelyslama)  formed  by  the 
^Part.)  union  of  the  sjHculea. 

tain  their  form  in  great  perfection  when  fossilized  (Fig.  170,  p.  326, 
Pt.  I).  Types  of  spicules  of  modem  sponges  are  shown  in  Fig. 
833. 
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C<Blentenita  (Hydroids,  cx>rals,  etc.).  —  In  the  simplest  living 
coelenterates,  the  hydroids,  the  animal  polyp  consists  of  a  hollow 
central  cavity,  the  stomach,  enveloped  by  a  double-layered  wall 


.  Fig.  831.  —  Typical  fonns  of  sponge  spicules  (Mrgascleres). 


Fig     833  — Hydra     nridis,  Fic.  834,  —  Portion  of  a  colony  of  a 

this   common    fresh-water    hy-  modem    marine    hydroid     (Boutainmttea 

droid  suspended  from  a  plant  /riiltcoii}),  showing  the  polyps  and  m 

filament ;  much  enlarged.  (After  (After  Allmann.) 


with  a  single  orifice,  the  mouth,  which  is  surrounded  by  tentacles. 
These  are  commonly  furnished  with  peculiar  stinging  cells  for 
paralyzing  their  prey. 
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Hydra  (Fig.  833),  the  simplest  form,  lives  in  fresh  water,  but 
most  types  are  marine  and  are  compound,  many  polyps  being 


■'S^ 


Fig.  835. — Diagram  of  a  bydioid.  a,  hydrocaulus ;  b,  hydrorbtza  (root); 
c,  enteric  cavity;  J, endodenn ;  e,  ectoderm;  /,  perisarc  (homy  coveriD^; 
f,  expanded  hydraoth  or  polyp;  k,  hypostom  with  mouth  at  extremity; 
I,  hydrotheca ;  k,  sparosac;  J,  mtdu^fonn  person  springing  from  m;  ffl,a  modi- 
fied hydrifonn  person  or  blastostyle;  m,  homy  case  or  gonangium  enclosing 
Uastostyle  and  its  buds. 


F)G.  836.  —  Small  portions  of  the  branchesof  modern  hydrozoans;  enlarged 
views  of  thecte.  A,  Plumuloria  pctnmtuio  enlarged,  showing  ungle  row  of 
hydrothecK;  B,  Sertularia  fatlax,  enlarged,  showing  double  row  of  by- 
drothecK;   C,  same,  showing  egg  capsule.     (After  Johnston.) 

united  by  tubes  or  hollow  stems  resembling  the  stalks  of  flowers 
(Figs.  834-835).  Some  polyps  become  specially  modified,  forming 
buds,  which  often  break  away  and  become  free-swimming  jelly- 
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Fic.  837.  — Developmental  stages  in  tbe  common  jellyfish  d4urdM.  1,  free- 
awimnung  embryo;  z,  embryo  settled  down;  3-6,  stages  in  the  development 
of  the  asexual  hydroid  stage ;  7-S,  transverse  budcting  of  hydta  producing 
surcesdon  of  individuals;  9,  liberation  of  individuals;  10,  11,  steps  in  de- 
velopment of  free  medusa.    (After  Haeckel.) 


Fk.    838  a.  — Tbe    common    wlute  Fig.  S38i.  — A  jellyfish  (ZJocfjib- 

}ellyfisti     lAurdia    flavidula).     Upper  nielra  quitiqutcirra)  side  view,  about 

side,  about  one  fifth  natural  size.     At-  one    fifth     natural     size.     Atlantic 

lanticcout.    (After  Veriill  and  Smith.)  coast.    (After  Verrill  and  Smith.) 


Essential  Characters  of  Types  of  Animals        99 

fish.  Id  other  cases,  the  entire  polyp  breaks  into  a  succesdon  of 
disks,  each  of  which  grows  into  a  jellyfish  (Scyphomeduss)  (Figs. 
837-838  fr).    Most  marine  bydroids  become  enveloped  in  a  sheath 


Fig.  839.  ~ StmctUM  of  Ordovkkn  giaptolites.  A,  Didymograplm  mi- 
nnUu,  sicuIb  and  the  early  hydrotliecte,  eidarged  thirteen  times ;  B,  Dicho- 
grafhu  htadi,  central  disk  (c) ,  with  four  branches  of  hydrotliecce  (h) ;  one  half 
natural  size.    (From  Stdnmann.) 

or  coating  of  chitinous  material,  often  ending  in  a  cup  around  each 
polyp  into  which  it  can  withdraw  on  disturbance.  These  chitinous 
coverings,  alone,  are  preserved.    In  the  extinct  group  of  grapt(4ites 


Fig.  840.  —  Types  of  graptolites.  A,  Monograptut  cahwu,  Silurian; 
B,  M.  lurricultUia,  Silurian;  C,  Raslrilts  linnii,  Silurian;  D,  Canop^ptut 
gracUii,  Ordovidan;  E,  Didymograflui  murckiseni,  Ordovician;  P,Dipio^op- 
tut  palmetu,  Silurian. 


a  succesdon  of  cylindrical  or  cornucopia-shaped  cups  is  formed  by 
budding  one  from  the  other,  either  in  a  single  or  in  a  double  row 
{Fig.  839),  and  when  these  are  flattened  on  fossilization,  they  have 
the  a^jearance  of  the  teeth  of  a  fine  saw  (Figs.  840  ^-f).  When 
the  tubes  occur  in  a  double  row,  they  are  often  strengthened  by  a 
rod  of  homy  material  (the  t^Vgn/o)  between  the  rows  (Fig.  841).    In 
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one  group  {Monograptida,  Figs.  843  A-D)  characteristic  of  the 
Silurian,  a  single  row  of  cups  is  thus  strengthened.  Some  by- 
droids  build  homy  incrusting  layers  above  which  the  soft  bodied 
polyps  project  (Bydractinia,  Figs.  843,  844),  and  others  again  form 


Fio.  841.  —  A  paptolite  colony  (Diplograptus),  restored.  (After  Rue- 
demann.)  pn,  floating  bladder  (pneumatophore) ;  g,  reproductive  sacs 
(gonangia). 


Fic.  841.  —  Monogfaptus  priodon, 
preserved  in  relief.  A,  lateral  view, 
slightly  enlarged;  B,  dorsal  view  of 
a  fragment  considerably  enlarged; 
C,  front  view  of  fragment,  showing 
mouths  of  hydrothecc,  much  en- 
larged; D,  transverse  section  of 
ume.     Silurian.      England. 


Fig.  843.  —  Ilydractinia  eckinala,  a 

modem  hydroid  of  the  North  Atlan- 
tic; enlarged.  The  various  polyps 
arise  from  a  fleshy  carpet,  the 
canosarc  hph',  wliich  iHiilds  a  chiti- 
nous  meshwork,  generally  oveigrow- 
ing  moUuskan  shells,  and  the  surface 
of  which  rises  in  spiny  elevations. 
ky,  feeding  polyps  {hydro pdyps) ; 
go,  reproductive  polyps  {goiiopelyps) ; 
long  slender  "fighting  polyps"  fur- 
nished with  stinging  cells  (nettle- cells) 
are  also  shown.     (Froi 
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calcareous  structures  instead- Vif  bomy  coverings.  This  is  the  case 
in  the  genus  MiUepora  of  modem  loral  reefs  (Figs.  845,  S46)  and 
in  the  extinct  Stromaiopora  in  wBi^.  -a  succession  of   concentric 


FlO.  844.  —  ByJracHnia  incnulaiu.  A  Pliocoie  species  enveloping  a  gaft- 
tropod  aliell  (Ptirptira),  the  spines  of  which  (it)  aie  exposed  by  removal  of 
the  bydroid  iDcrustation ;  three  fourths  natural  size.  B,  part  of  the  surface 
enlarged  five  times,  showing  zooidal  tj-pcs,  occupied  by  the  polyps,  and  a 
oetwoAof  surface caiials(farit0n;Aifa);  C,  transverse  section;  a,  interlanunar 
;  b,  openings  of  zooidal  tubes.    (After  Steini 


Rn.  845. — MiUtpora  alckomis.     A  modem  bydrocoralline.     (From  Dana's 
Cerolt  and  Coral  Islaiidf;  by  permission  of  Dodd,  Mead  and  Co.)- 
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layers  of  lime  were  deposited,  each  layer  with  a  definite  cdlular 
structure  (Fig.  847). 

Anthozoa.  —  The  only  othej  Gcelenterata  of  importance  to  the 
geologist  are  the  Anthozo^'or  coral  polyps,  which  are  all  marine.  The 
coral  polyps  differ  from  the  hydroid  polyps  in  the  intuming  or 
invagination  of  the  moyth  region,  so  that  a  sac-like  body  hangs  in- 
ward below  the  'new  mouth,  which  is  surrounded  by  the  edge  of 


FiO.  846.  -^  Surface  view  (A)  and 
lon^tudiual  section  (S)  of  ■  poition 
of  the  hydrocoralluie  skeleton  (MiiU- 
pora  nodosa),  both  greatly  enlarged; 
c,  ccenenchyma  with  fine  irregular 
tubes  opening  in  smaU  surface  pores 
(dactytopores) ;  k,  tubes  o<:cupied 
by  main  polyps  (gastropores) ;  (,  hori- 
zontal partitions  or  tabulse  cutting 
off  tbe  older  unused  portions  of  the 
tube.    (Froi 


Fio.  847.  —  General  view  and  sec- 
tion of  characteristic  Palsozoic  stio- 

matoporoids.  A,  AcHnoitroma  verru- 
cesum,  Devonian,  with  polished  edge 
showing  structure  X  i;  w,  mammJ- 
lai  surface  elevations  with  branching 
canals  (astnirhiza) ;  B,  Claih-odiclymit 
J JriukUum, Silurian,  X  10;  I,  horizoB- 
tal  laminK;  p,  vertical  elements  or 
pillars;  i.interUminar spaces.    (After 


the  intumed  portion,  while  the  opening  at  the  bottom  of  the  sac 
{stomodaum)  corresponds  to  the  mouth  of  the  hydroid  polyp. 
This  relationship  is  shown  in  the  following  diagrams  (Fig,  848), 

The  interior  of  the  body  (stomach  cavity),  except  this  stomo- 
dieum,  is  further  divided  into  radial  compartments  by  pairs  of 
fieshy  septa  or  mesenteries,  and  in  genera!  each  compartment  is 
drawn  out  into  a  hollow  tentacle  (Fig,  849).    Some  polyps  (sea- 
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anemones,  Pig.  850)  do  not  secrete  hard  structures,  but  most  of 
them  do.  These  coral  structures  have  already  been  described 
(p.  382,  Pt.  I);  theyconsistessentiallyof  a  series  of  radiating  plates 
or  septa  surrounded  or  connected  by  a  wall  at  their  outer  ends. 


Fic.  848.  —  DiBgnminatic  longitudinal  sections  of  (a)  cnspedote  meduM, 
(t)  hydroid  polyp,  and  .(c)  coral  polyp,  cc,  circumferential  canal  (in  me- 
dusa); ec,  ectoderm;  en,  endoderm;  g,  gastric  cavity;  gl,  jelly-like  layer 
between  endodenn  and  ectoderm  (in  medusa);  o,  or^  aperture  or  mouth; 
re,  nutating  canal;  sd,  stomodKum  or  cesophagus;  il,  supporting  lamella  oi 
mesoglcea;  I,  tentacles;  Ic,  tentacular  canal;  *,  velum  (In  medusa);  ft,  vas- 
culai  l«niHlW|  or  catbanunal  plate  (in  medusa).    (Oii^iiaL) 


,  r^ 


F)G.  84Q.  —  Longitudibal  section 
of  a  coral  polyp  {Astroi4ei  calyciJaris) 
from  (be  Meditenwan ;  i,  cd,  stony 
corallum';  s,  Eeptum;  cd,  columella; 
■»,  mesenteries;  c,  atnosaic;  f,  in- 
lermesenterial  cbambeis ;  o,  stomo- 
dzum;  (,  tentacles.      (After  Stdo- 


FiG.  Z^ii.  —  AcliHoUAa  (Mttridium) 
margimOa,  the  common  sea  anemone 
of  the  North  Atlantic 
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In  one  group  iTeiraseptala),  in  which  the  septa  are  huilt  on  the  plan 
of  four,  they  begin  as  ridges  on  the  inside  of  a  cup  formed  of  a  suc- 
cession of  calcareous  rii^  (epitheca),  and  with  further  growth  meet 


Fio.  851.  —  Pateosoic  tetrasepUte  coraJs.  a,  Zaphrentis,  Bhowing  the  ar- 
Tongement  of  the  septa  in  the  calyx,  and  their  rektiou  to  the  cardinal  septum 
in  the  center;  b,  side  view  of  SlrepUlasma,  showing  the  airangemeot  of  the 
septal  grooves,  or  outer  margins  of  the  septa;  s,  cardinal  septum;  i',  one  of 
the  atar  or  side  Septa.  Note  the  pinnate  arrangement  of  the-septa  of  the 
cardinal  quadrants  on  both  sides  of  the  cardinal  septum,  and  the  similar  ar- 
rangement of  the  septa  in  the  counter  quadrants  on  one  side  of  the  alar  sqitiun. 
(After  Steinmann.) 


Fic.  853.  —  Fragment  of  a  com- 
pound    aseptate     Paleozoic     coral 
{Favosites),  showing  the  fine  closely 
Fic.  85}.  —  A  compound  tetrasep-      crowded  plasmatic  tubes,  and  a  por- 
tate    Pabeozoic    coral     (Atervidaria,      [ion  of  these  tubes  enlarged,  showing 
partly   worn),  showing  the  crowded      the  double  row  of  "mural  pores" 


prismatic  tubes,  with  the  septa  lim- 

each face,   and   (where  broken)   the 

ited  on  the  interior  by  an  inner  wall. 

transverse  plates,  or  "tabulx"  and 

(Kayser.) 

absence  of  septa. 

in  the  center  (Figs.  851  a,  h).  This  group  is  largely  confined  to  the 
Paleozoic,  and  for  the  most  part  consists  of  single,  hom-shaped  indi- 
viduals, though  sometimes  by  the  budding  of  several  new  ones 
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from  the  margm  of  the  parent,  a  compound  form  is  prod'iced,  the 
individuals  remaining  round,  if  loosely  grouped,  or  becoming 


>^:V.I  /n 


Pig.  854. — Calyx  view  of  a  modern  hexoseptate  coral  (Farasmilia). 
I,  First;  1, second;  3,  thirdi  4Biid5if'>uillicycleof  sepU;  ;,  spongy  cotumelk. 
Note  that  the  septa  project  beyond  the  outer  wall  or  theca,  fonning  "costK." 
(From  Steinmann.) 


Ftc.  855  a.  —  FurtgHi  seutaria  Lamarck.  Upper  surface.  (After  Vaughan.) 
One  of  the  large  single  corals  livinf;  free  upon  the  surface  of  modem  coral 
reefs.     (X  f ) 

priMuatic  (usually  of  six-sided  section)  if  crowded  (Fig.  852).  A 
second  group,  also  confined  to  the  Paleozoic,  consists  chiefly  of 
the  wall  with  the  septa  reduced  to  spines  or  absent  altogether 
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(Aseptaia).    In  their  place  are  many  transverse  floors  (tahula) 
which  cut  oS  the  older  portion.    These  foims  are  generally  closely 


Fta.  855  b.  —  Fvngta  scalaria  Lamarck.      Low  surface  of  the  samt  sped- 
men.    (After  Vaughan.)     (X  f.) 

crowded  from  rapid  budding,  and  so  each  corallite  becomes  a  slender 
prism.  In  the  walls  of  this  prism  are  many  pores,  the  records  of 
unsuccessful  budding  (Ex.  Favosites,  Fig.  853).    A  third  group 


Fig.  856  a.  —  Coryofk^lia 

alcocki    Vaughan.     Modem  ^— 

deep  sea  coral,  side  view,  nat-  Fic.  856  6.  —  Caryoph^ia  alcocki.    Calyx  a 
ural  mc     (Alter  Vaughan.)  Urged  X  ^.    (After  Vau^tan.) 
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Fig.  857.  —  Leftaslrea  purpurea. 
A  compound  coraUum,  the  c&lices 
united  by  their  ccsue,  with  new  buds 
appearing  at  the  junction  point  of 
three  or  more  calices.  Enlaigcd  four 
timet.    (After  Vaughan.) 


Fk}.  858. — GoHiatlrea  peeliiiala. 
A  compound  corallum,  with  angular 
calices  joined  by  th«r  walls,  vxd  in- 
crea^ng  by  divi»on  of  the  older 
ones.  Enlarged  four  times.  (Aftei 
Vaughan.) 
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—  PoeUhpora  dttatu.    A  characteristic  coral  of  the  modem  coral 
reefs,  Fiji  Islands.    (After  Vaughan.) 


Fio.  860.  —  AnisoPsoK 


Fic.  B61  a-*.  —  The  Blue  Coral,  Udiopora  camUa.  (After  Vaughan.) 
a,  Natural  size;  b.  part  of  surface  enlarged  six  times.  This  coral  recdves  its 
namr:  From  the  cieruleiui  blue  of  the  polyps.  It  is  a  chaiacteiistic  reef- builder, 
some  reefs  in  the  Australian  Barrier  reef  complex  being  largely  composed  of  iL 
(See  Part  I,  p.  300.) 

loS 
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b^lins  primarily  with  the  septa,  which  are  arranged  on  the  plan 
of  six  (Hexaseptata).  Along  the  outer  margin  these  are  bound 
together  by  transverse  plates  between  the  septa  in  such  a  way  as 
to  form  a  continuous  wall  {thua),  outside  of  which  the  ends  of  the 
septa  often  project  as  casta  (Fig.  854).  These  are  mostly  com- 
pound from  budding  or  division  of  the  older  ones.  They  form 
branching  masses  or  solid  heads,  and  the  individual  polyps  range 
from  minute  size  to  many  inches  in  diameter,  the  larger  ones  often 


Fio.'86i.  —  Fortkmof  a.  Block  of  precious  coral  (Corallium  nibrum)  .eahigfid; 
Mediterraney  Sea.  a,  The  eolid  calcareous  axis  is  of  red  color,  and  formed  of 
consolidated  sjucules.  The  fluted  surface  is  caused  by  the  development  ol 
longitudinal  tubes ;  surrounding  this  is  the  Qeshy  cmosarc  (c),  traveraed  by  a 
network  of  canals  (n);  the  polyps  {pm)  are  embedded  in  the  ionoiarc; 
P,  longitudinal,  m,  transverse  section  of  polyps,  showing  «ght  mesenteries; 
o,  ■tomodEUm ;  I,  fringed  tentacles  (eight  in  number).     (From  Sleinmann,) 

being  ^ngle  (Fungia,  Figs.  8550,  b).  These  are  the  corals  most 
a>mmon  on  modem  reefs,  and  they  were  the  common  forms  in 
Mesozoic  time.  (Figs.  85&-861.  See  also  Figs.  209-214,  pp. 
384-287,  Pt.  I.) 

A  fourth  group  has  the  polyp  divided  by  eight  mesenteries 
(POosephUa),  and  these  generally  grow  in  solid  masses  or 
colonies,  with  the  colony  rather  than  the  individual  building  a 
supporting  structure,-  This  is  often  a  homy  or  calcareous  rod 
around  which  the  mass  grows.  The  sea-fan  and  sea-whips  {Gorgo- 
ma)  are  examples  of  the  first,  the  precious  coral  (Corailium,  Fig. 
862)  of  the  second.  In  these  the  hard  parts  show  no  septa,  but  are 
commonly  fluted  or  ridged  longitudinally.    These  corals  also  are 


no 
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most  characteristic  of  the  modem  oceans.    Anoths  type  is  shown 
in  the  organ-pipe  coral  (Tubipora,  Figs.  863  a,  b,  864). 

Ctenophora.  —  TTiese  are  delicate,  film-like,  more  or  less  traoEpar- 
ent  globes,  bells,  or  bodies  of  other  form,  set  with  rows  of  vibrating 


.I^Sl 


dlia  (combs)  which  produce  a  wonderful  play  of  color.  They  are 
common  in  the  modem  ocean,  but  have  no  hard  parts  and  usually 
leave  no  trace  after  death  (Fig.  865)- 

Biyozoa.  —  This  class  of  the  phylum  Molluscoidea  comprises 
polyp-like  animals  in  which  the  stomach  and  primitive  intestinal 
tube  lie  within  a  cavity  inclosed  by  an  outer  wall  (Fig.  866).    It 
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is  a  more  highly  spedalized  type  than  the  coral  polyp  and  has.  both 
mouth  and  anal  opening.  The  animals  are  always  associated,  in 
colonies.  They  live  mostly  in  the  sea,  though  a  few  fresh-water 
forma  are  known.    Some  build  only  homy  coverings  for  their  bodies, 


Fic.  864.  —  Diagnm  -of  a  portion  of  the  Organ  Pipe  coral,  X  i,  showing 
the  portion  of  the  polyps  («),  in  the  calcareous  tubes  (r) ;  I,  transverse  par- 
titions or  labula;  1,  connecting  stolons;  s',  tubes  in  the  transverse  connect- 
ing Qoors  occupied  by  the  stolons;  i',  new  polyp  bud  arising  from  the 
stolons.    (After  " 


others  secrete  calcareous  material.  This  tnay  be  attached  to  sea- 
weeds, rocks,  or  shells,  etc.,  or  may  grow  as  free  fan-like  expansions 
(Fig.  S67}  or  in  independent  masses  made  up  of  crowded  calcareous 
tubes,  as  in  the  Monticuliporidx  (Fig.  1131),  or  form  a  succession  of 


small  coffin-shaped,  tubular,  pear-shaped,  or  otherwise-fonned 
calcareous  cells  (zoaecia)  (Fig.  868).  The  first  two  groups  were 
most  characteristic  of  the  Palaeozoic,  the  third  of  Mesozoic  and 
more  recent  times. 
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Brachiopoda.  —  This  vastly  differeat  class  of  the  MoUuscoidea 
comprises  complex  organisms   in  which   the  main  body  —  with 


Fig.  866.  —  Part  of  a  modem  bryozoui  colony  with  one  expanded  animal 
(zoon)  Bugula.  Te,  tentacles  i  R,  retractor  muscle  which  the  animal  uses  to 
withdraw  into  the  cell;  i>,  intestiiie;  f,  funiculus,  uniting  the  intestiiie  to  the 
body  wall;  Av,  avicularia;  Oes,  (esophagus;  On,  ovicells. 


[,  Permian  (Zechstein),  Yorkshire,  England. 
A,  exterior  of  complete  colony,  natural  size;  B,  part  of  interior  enlarged 
(16,  tubercled  keel;  ;,  fenestra;  j,  cross  bars  without  zocecia,  a,  cell  mouths). 
X  6.     (Steinmann.) 

mouth,  stomach,  and  other  organs  —  is  reinforced  by  two  spirally 
coiled,  fringed  organs,  called  the  arms  or  brachta  (hence  the  name, 
arm-footed),  which  serve  both  for  respiratory  and  food-gather- 
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ing  purposes  (Fig.  869).    The  whole  is  inclosed  by  a  fleshy  en- 
vel(^  or  mantle,  which  secretes  a  calcareous  or  more  rarely 


Fig.  S6B.  —  Tertiaiy  Bryozoa.  a,  Membratiipora  bipumtata  Schafh.  Upper 
CMigoccDC,  nnrOsiiabilldc;  r,  calcified  cell  walls;  o,  apertures,  X  :o.  (Steio- 
mann.)  b,  Lepralia  coccinea  Johnst.  Miocene,  Hungary;  a,  avicularia; 
e.  ocBdum;  enlarged.    (Zittcl.) 

homy  or  phosphatic  shell.  This  shell  (Fig.  870)  consists  of  two 
mun  parts  or  valves  (in  some  cases  with  a  small  third  one,  called 
the  pedicle  plate,  Fig.  874  B  —  6),  which  are,  respectively,  the 


Fic.  869.  —  Anatomy  of  a  typical  modern  brachiopod  Waldkeimia  auilralit. 
Side  view.  Da,  doisal  (brachial)  valve,  and  Ve  ventral  (pedicle)  valve  of  shell. 
St,  pedicle;  Ma,  adductor  muscle  (to  close  shell);  Md,  divaricator  muscle 
(to  open  shell) ;  Ar,  arms  or  brachia ;  Vvi,  body  nail ;  Oe,  cesopbagus ;  D,  blind 
intestine;  0,  apertural  openings  for  liver  (L) ;  TV,  funnel. 

dors^  or  brachial  (Fig.  870  B),  and  the  ventral  or  pedicle  valve  (Fig. 
870^).  The  former  is  so  named  because  it  generally  bears  on 
its  inside  small  or  large,  simple  or  complex  (loop-like,  spiral,  etc). 
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calcareous  supports  for  the  brachia  (Fig.  870,  B — s,  Fig.  871),  while 
the  pedicle  valve  is  perforated  at  its  apex  for  the  protrusion  of  a 
fleshy  supporting  stem  or  pedicle,  minute  in  some  forms,  gigantic 


Fig.  870.  —  Shell  of  a  nuHieni  brachiopod,  internal  views  (Waldhdmia  flatet- 
cem).  A,  ventral  or  pedicle  valve  {f,  pedicle  forameh;  d,  deltidial  plates- 
I,  cardinal  or  hinge  teeth;  p'-c,  muscle  scars;  p',  posterior  adjuster;  c',  pos- 
terior divaricatorsi  f,  anterior  adjusters;  o,  adductor  muscle;  c,  anterior  di- 
varicatOTs).  5,  dorsal  or  brachial  valve;  (y,  cardinal  process;  ;,  hinge  sockets; 
a,  anterior  adductor;  a',  posterior  adductor;  s,  brachidium  or  calcareous 
B)q>portiiig  loop  of  arms.) 

in  others  (Lingula,  Fig.  873.)  Both  valves  are  symmetrical  with 
reference  to  a  line  drawn  through  their  apices,  and  this  generally 
serves  to  identify  the  brachiopod  shell.    The  pedicle  valve  is  usu- 


FiG  S71  —  Spiral  arm  supports  or  brachidia  of  brachiopods.  a,  atrypcrid 
(Classia  abotala) ,  b,  spirifcroid  (Spiriferina  roslrala) ;  c,  athyrid  {Nadto- 
i^'ra^ituffi);  if,  koninckinid  <^ffi^Au:/ina,- <{,,  against  dorsal  valve;  ^.frontal 
view  with  outline  of  ventral  valve  dotted  in).     (After  Zittel.) 


ally  the  larger  and  more  convex  of  the  two,  but  sometimes  the 
reverse  is  true  {Atrypa,  Fig.  873).  Again  one  valve  may  be  con- 
vex and  the  other  concave  {Fig.  874).  Plications,  radiating  lines, 
and  occasionally  spines  mark  the  surface^  which  in  some  forms. 
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however,  is  nearly  smooth,  except  for  delicate  lines  which  mark 
the  successive  additions  to  the  shell  and  which  are  always  sym- 
metrical with  reference  to  the  apex.  The  valves  are  held  together 
by  teeth  and  sockets  at  the  ^>ex,  and  are  opened  and  dosed  by 
«  muscles,  which  often  leave 

"~  rj  heavy  scars  at  the  point  of 
attachment.  Brachiopods 
are  typically  marine,  but 
some  may  persist  if  the 
water  becomes  bracki^. 


Fio.  87 1  - — A  modern 
Lingvla  ( L.  murpkiana) , 
showing  the  shell  and 
long  fieshy  pedicle. 


'AUypa  retkularii.  A, 
:  spocimeu;  B,  young;  C,  interior,  with 
pedicle  vaJve  removed,  showing  spirals;  D,  interior 
of  pedkle  valve,  showing  impressions  of  mantle 
sinus:  a,  adductors,  c,  divBiicators;  d,  ddtidial 
plates;  o,  ovarium;  p,  pedicle  muscle.  (After 
Ziltel.) 


Pelecypoda  or  I^tmeUlbranchiata.  —  These  are  typically  repre- 
sented by  the  clam.  The  body  (Fig.  875)  is  soft,  with  two  openings, 
mouth  and  anus,  but  no  bead.     It  contains  a  stomach,  intestinal 
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canal,  liver,  heart,  and  nerve  ganglia,  and  is  covered  on  either  side 
by  delicate  leaf-like  gills  (hence  the  name,  lamellib ranch).  Its 
anterior  lower  portion  projects  in  a  hatchet-shaped  "  foot,"  used 


FlC.  874.  —  Rafintsquiiia  ailernala. 
Upper  Ordovician,  Cincinnati. 
A,  from  brachial  side;  B,  hinge; 
C,  interior  of  brachial  valve. 
(Av,  hinge  area:  a,  adductor  impres- 
sions; (A,  chilidium  1  j,  delthyrium ; 
/,   foramen;    pr,  cardinal  processes; 


Fig.  87s-  —  Anatomy  of  the  com- 
mon clam  (Mya  artnaiia).  (From 
Woodward.)  Left  valve  and  mantle 
lobe  and  half  of  the  sIphoD  are  re- 
moved, (a,  a',  adductor  muscles; 
i,body;  <:, cloaca; /, loot;  ;,branchig: 
or  gills;  h,  heart;  m,  cut  edge  of 
mantle ;  0,  mouth ;  st',  siphons ; 
I,  labial  tentacles;  v,  vent.  Airows 
indicate  direction  of  ci 


for  burrowing,  or,  in  some  cases,  locomotion  (Figs.  876,  877).  The 
whole  is  covered  by  a  delicate  membrane  or  mantle  which  secretes 
the  shell.  The  latter  consists  of  two  similar  parts  or  valves,  each, 
as  a  rule,  longer  behind  the  beak  or  apex  than  in  front,  though  the 
e  may  be  true,  or  the  beak  may  be  near  the  center  (Figs.  878, 
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Fic  876.  —  Mya  IntuMla  with  foot  and  siphons  expanded.    Om  haU  natunl 
UK.    (After  Forbes.) 


Fig.  877.  —  A  pelccypod  with  foot  and  siphons  expanded.  {PsammoMa 
Jlorida)  right  side )  c,  expanded  foot ;  ;,  incuirent  siphon ;  i',  eicunent  siphon. 
(From  Owen.) 


Fto.  878  a,h.  —  Shell  of  pelecypod  (CjJferea),  showing  the  different  parts; 
a,  doTsal  view,  and  b,  side  of  ri^t  valve.  {A,  anterior;  P,  posterior  ends.) 
(After  Owen.) 


Fic.  879.  —  Left  valve  of  same 
ahell  showJDg  interior  characters. 
(After  Owen.) 


Fig.  880.  —  Diagrammatic  section 
of  a  pelecypod  shell,  a,  b,  right  and 
left  valves;  c,  d,  umbones  of  ttturt, 
forming  the  short  amw  of  the  lever 
of  which  e,  f,  constitute  tile  long 
anni;  g,  hinge;  k,  ligament;  i,  ad- 
ductor or  closing  muscle. 


Fig.  881  a-i.  —Types  of  Pelecypods  chiefly  modem.  {After  Woodward.) 
o,  SpODd^lua  (S.  princeps,  X  i,  Sooioo  Sea);  i,  Avicnla  {A.  AirufuJo,  X  i, 
Mediterranean) ;  c,  HalleuG  {M.  vulgaris,  X  i,  China) ;  d,  Pliuia  (P.  iqua- 
fni",  X  iV>  ^Mediterranean);  e,  CuculltM  (C.  toiKumerata,  Xi,  India); 
/,  Area  (A.  granosa,  X  g,  Australia) ;  g,  Pectunculus  (P.  ptctiniformis,  X  J. 
India) ;  h.  Area  (A.  nea  X  %,  Mediterranean) ;  i,  MacrodOD  (if.  kirtantntii, 
X  i,  Bath  Odlite,  England.) 
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a,  b,  879).  Near  the  beak  the  shell  generally  develops  projections 
or  "  teeth,"  those  of  one  valve  fitting  into  grooves  or  notches 
(sockets)  in  the  other.  There  is  also  a  flexible,  homy  structure 
which  binds  the  valves  together  at  the  top  and  tends  to  keep 
them  open  when  the  animal  is  relaxed  (Fig.  880) .  A  compressible 
substance  (resilium)  is  also  found  in  some  forms,  just  below  the 


Flo.  881  }-p. —Types  of  Pelecypods,  chiefly  modem.  (After  Woodward.) 
;,  it,  Dkeras  (D.  arittimum,  Qoral  Odlite,  France,  oppodte  valves,  xi) 
I,  Tridacna  ( T.  squamosa,  X  i,  Bombay) ;  m,  Isocardia  (/.  cor,  X  i,  Briuin) ; 
H,  Cyther^  (C.  dione,  X  j.  W.  Indies) ;  c,  Veaus  ( V.  paphia,  W.  Indies) ; 
P,  Gnttloatin  {G.  inetulmis,  X%,  Miocene,  Bordeaux).  (See  also  figs.  134- 
2J7,  p.  310,  Pt.  I,  and  fig.  251,  p.  315,  Pt.  I.) 

hinge,  and  this  is  compressed  when  the  valves  are  closed,  but  tends 
to  spring  them  open  when  the  closing  force  relaxes.  The  closing 
is  done  by  two  muscles,  anterior  and  posterior,  though  in  some 
forms  (oyster,  scallops)  one  of  these  muscles  disappears  and  the 
other  enlarges.  The  shell  may  be  smooth,  except  for  lines  of  growth, 
or  marked  by  concentric  wrinkles  (Figs.  878  o,  6,  881  o)  or  by  radiat- 
ing ridges  or  both  (Fig.  881,/,  g,/)-    In  some  cases  spines  are  also 
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developed  (Fig.  88i  a,  n).    Most  pelecypods  live  in  the  sea,  but  a 
few  (Unto,  etc.)  occur  in  fresh  water. 

Gastropoda.  —  These  mollusks  have  the  anterior  part  of  the 
body  developed  into  a  bead,  with  mouth,  and  eyes  (generally  od 


Fig.  S8i.  —  HalioUs  luberctiliUa  expanded  animal  with  shell,    d,  foot ;    i,  ten- 
tacular processes  of  the  mantle.     (Aftei  Onen  from  Cuvier.) 

stallis,  feelers,  etc..  Fig.  883).  The  foot  is  broad  and  flat,  and  used 
for  crawling  upon  the  stomach,  as  it  were ;  hence  the  name  (Fig, 
883).     The  mouth  is  furnished  with  a  heavy  ribbon  covered  with 


Fig.  883.  —  CommoD  limpet  IPaUUa  wlgata)  in  its  shell,  seeD  ftom  the  foot 
surface,  xy,  median  antero-posterior  axis;  a,  cephalic  tentacle;  i,  ciecping 
surface  of  foot;  c,  free  edge  of  shell;  d,  vessel  carrying  aerated  blood  to  the 
heart  and  here  interruptinR  the  circlet  of  gill  lamells ;  e,  margin  of  mantle- 
skirt  ;  /,  gill  lamelUe ;  g,  vessel  carrying  blood  to  the  heart. 
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teeth  (Fig.  884),  the  so-called  lingual  ribbon,  wlilch  is  used  like  a 
file  in  cutting  off  food,  or  like  a  drill  in  boring  through  the  shells 
of  other  mollusks.  The  body  grows  commonly  in  a  spiral  manner, 
and  the  shell  coiresponds  to  this  (Fig.  885).    In  some  cases,  how- 


Flo.  884.  —  PottioDS  of  die  lingual  ribbon  of  a  gastropod  (Murex  ItHiuifiiw) 
much  enlarged  to  show  the  characteristic  teetL     (Wilton,  from  Woodwaid.) 

ever,  it  is  cap-shaped.  The  shell  is  hollow  throughout,  except 
perhaps  near  the  apex,  where  a  few  transverse  partitions  may 
be  formed  (Fig.  886),  The  successive  coib  of  the  shell  are  called 
whorls,  and  the  lower,  larger  end  is  the  mouth  of  the  shell,  permit- 
ting the  animal  to  expand  from  or  contract  within  it  (Fig.  887). 


FlO.  885,  —  Animal  and  shell  of  RosUIiaria  raliroslris.  a,  snout  or  rostnim; 
b,  cephalic  tentacle;  c,  eye;  d,  e,  foot;  /,  operculum,  which  closes  aperture 
of  sIkH  after  soft  parts  are  drawn  in;  k,  prolonged  siphonal  notch  of  shell 
occupied  by  upboa  oi  trough-like  process  of  the  mantle-skirt.     (After  Owen.) 

The  shell  mouth  may  be  round  and  complete  ([Fig.  888  m,  0,  q),  or 
drawn  out  into  a  canal  at  one  end  (Fig.  888  a,  b,  e),  notched  (Fig. 
888/,  g,  j,  0,  slit  at  the  margin  (Fig.  S88  t),  or  fluted,  the  flutings 
prolonged  into  shallow  spines  (Fig.  888  a-c).  Spiral  lines  (Fig.  888 
n,o),  transverse  wrinkles  or  ribs  (Fig.  888  g),  and  nodes  or  spines 
(Fig.  888  d,  e,  i,  I)  f onn  the  common  surface  features  of  these  shells, 


Classes  of  Plants  and  Animals 


though  many  are  smooth  except  for  lines  of  growth  often  obscured 
by  the  color  pattern  (Fig.  888  /,  i,  h,  f).    Most  gastropods  are 


i>iifivUp 
of  ^ 


-.    anterior  CMuL 

Fig.  886.  —  Ltrngitudinal  section  of  a  gastropod  shell  (Triton  atrmgabu) 
showing  the  parts.     (After  Woodward.) 


Fig.  887. —  Animal  and  shell  of  Pyraia  lavigala.    a,  siphon; 
tentacles ;   C,  head  with  eyes ;   d,  expanded   foot ;   h,  niantle-slutt   reflected 
over  the  sides  of  the  shell.     (After  Owen.) 

marine.     A  few  with  unnotched  shell-mouth  occur  in  fresh  water, 
and  a  number  live  on  land.     The  latter  have  a  primitive  lung- 
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Ro.  8SS  o-i.  — IVpo  of  modem  Gasttopods.    (AfUt  Woodward.)    (For  de- 
scriptioD  see  page  125.) 
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Fig.  flSSj-u.— Types  of  modern  Gastropods.    (After  Woodwwd.)    (For  de- 
scription see  page  135.) 
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sac,  and  their  shells  are  generally  thin  {Helix,  Fig,  889  a).  Most 
gastropod  shells  coil  clockwise  (right-handed)  when  viewed  from 
the  apex.  A  few  coil  in  the  reverse  manner  (left-handed)  (Physa, 
Fig.  773  ft,  P-  53)- 


Fig.  8SSi>-i.— IVpcs  of  modern  Gastropods.    /,  Scaphopod  and  i',  Ampbi- 
neunn.    (After  Woodward.)    (For  descripttoo  see  below.) 

Fig.  888, —Types  of  Gastropods,  chiefly  modem  (pp.  laj-its)- 
a,Ultnz(iI.tmtiispiM{Xi)  Moluccas)  1  b,  Wmx  (U.  talma-row  (Xi)); 
c.  Pt«tocer«i  iP.  lambis  (x|)  China);  d,  Strombna  (5.  pugUii  (X^)  West 
Indies);  e,  FUms  (f.  folus  (X\)  Ceylon);  /,  Terebrs  {T.  maadala  (Xj) 
Mduccas);  |,  Bacdmun  (B.  ut%dalum  {y.\)  North  Atlantic);  h,  ConoB 
(C.  jnatmoreus  CX|)  China);  i,  Melo  (M.  diadema  (X^)  New  Guinea); 
j,  Httm  {M.  efiscepalis  (xj)  Ceylon);  k,  Cy^iaA  (C.  mauritiana  (Xj) 
Indo-Padfic);  t,  Caifiitam  (C.  ntididosum  (Xi)  Moluccas);  n,  Natica  (.V. 
(onma  (X^)  China) ;  u,  Tmritella  (T.  catlitdralis  (Xi)  Miocene,  Bordeaux) ; 
0,  Tteiitella  (7.  iffibncufa,  West  Indies);  p.ytnaetoBiV. lumbricolis,  young, 
WeatAfrica);  ?,  Scalaria  (5.  ^dutia  (Xj)  China);  r,  Troclma  (T,  tiUetkus 
(Xi)  China);  i,Halloti8  (ff.  JuhtrcuJoia,  Guemsey);  f, Hurchiaonla  (^.  InJi- 
»«ala,  Devonian,  Eifel);  h,  Fissurella  (F. /iifm.  West  Indies) ;  i,  Emtr^mila 
(£.  ru[i>sa,  two  views,  Tasmania);  ui,  PUeopsis  (i*.  poWtuj  (xj)  Torbay); 
X,  Crqpldabi  (C.  /wnicoio  (X^)  Atlantic  coast);  y,  Patella  (F.  hmgkosla 
(X})  Cape);  z,  Acnuea  {A.  Ustudinaiis  (X§)  Britain);  y',  Dentalhnn  (D. 
cbfAniWiniim  (X^)  Red  Sea);  z'.  Chiton  (C,  sguonMiui  (X^)  West  Indies). 
(All  from  Woodward.)  (See  also  Figs.  138-141,  pages  311, 31a,  Pt,  l,and  Figs. 
»S»-»S*t  page*  315.  316,  Pt.  I.) 
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Pteropoda  and  Conularida.  —  Pteropods  are  marine  planktonic 
mollusks  shell-less  or  with  delicate,  often  transparent  shells,- con- 
ical or  variously  fonned,  and  generally  small.    The  upper  part  oi 


—  Snails  and  slugs  {Pulmonate 
ropods).  A,  Helix  (snail);  B,  Bclieo- 
tta;  c,  Teslacella;  d,  Arion  tlie  great 
kslug.  (a,  in  v4,S,C,  shell-sac;  dosed 
>;  b,  opening  leading  into  lung  chamber. 
'are  tran^tional  forms  between  snail  and 
,  showing  gradual  Teduction  of  shell.) 
er  LankestCT.) 


Fic.  890, — Styliola  acUula. 

'  rged.  (After  Owen.) 
wing-like  lobes  of  the 
mid-fcxit ;  d,  median  fold  of 
same;  e,  copulatory  organ; 
A,  pointed  eJitremity  of  shell ; 
i,  anterior  margin  of  shell 
n,  stomach ;  o,  liver ;  «,  her 
mapbrodite  gonad. 


the  body  (foot)  is  divided  into  two  wing-like  lobes,  hence  the  name, 
wing-footed;  {Figs.  890,  891).  Their  importance  as  rock-formers 
has  already  been  noted  (p.  311,  Pt.  I).  The  Conularida  are  ex- 
tinct forms  with  heavier  shells  of  various  form,  and  some  of  them, 
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at  least,  appear  to  have  lived  upon  the  bottom  of  the  sea  (Fig. 
893).    No  fresh-water  types  are  known. 


Fic.  891.  — Catotinia  Iridenlala,  top  sod  side  views.  From  the  Mediter- 
lanean;  magnified  two  diameters.  (From  Owen.)  a,  mouth;  b,  pair  of 
ccidialic  tCDtades;  CC,  pteropodial  lobes  of  the  mid-foot;  d,  median  web 
connecting  these;  et,  processes  of  the  mantle-skirt  reflected  on  the  surface  of 
the  shell;  j,  the  sbeU  enclosing  the  visceral  hump;  k,  the  median  spine  of 
the  shell;  i,  mouth  of  the  shell. 


Cephalopoda.  —  These  are  the  most  highly  developed  of  Mol- 
lusca.  They  are  represented  in  the  modem  sea  by  the  pearly  Nau- 
tilus (Fig.  893),  the  squids,  and  cuttlefish  (Fig.  894),  devil  fish  or 


Fm.  691.  —  Cmiilana  undulata  (x|),  a  PaUeozoic  cooularid  (Devon 


a). 


Octopus  (Fig.  89s),  the  Argonaula  (Fig.  896),  Spirula  (Fig.  897), 
and  a  few  others.  The  modem  Nautilus  alone  builds  an  external 
shell,  but  in  fomier  times  these  shell-building  types  (Tetrabran- 
dtiata)  abounded.    The  animat  has  a  definite  head,  with  a  mouth 
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Fig.  893. — Nauiilus  pompiliui  in  itisheU.  a,  shell  muscle;  a^.axr-chainbea 
and  sipbuncle ;  6,branchis;  c,crop;  /,ianne\;  ;,  gizzard;  A,  heart  Mid  renil 
glands  (in  dotted  lines) ;  /,  liver ;  m,  margin  of  mantle,  very  much  contracted ; 
n,  nidameDtal  gland;  0,  ovaiy;  s,  portion  of  shell;  (,  tentacles;  h,  at  top  o{ 
figure,  hood  extending  back  over  shell  (i).     (From  Woodward.) 


a  b  C  d 

Pig.  Sg^  a-d.  —  Modem  squids  and  cuttle-fish.  (After  Woodward.)  a,  Ony- 
choUutkis  bartlingii,  squid  from  Indian  0;ean,  one  fifth  natural  «ie;  b,  homy 
iDtemal  shell  or  pen  Igladiui)  of  same  species,  one  fourth  natural  size ;  c,  ^adint 
of  Lolige  vutgaris  (t'ig.  147,  p.  514,  PL  I)  one  &fth  natural  size;  d,  Stpia 
officinalii,  cuttlc-bsh  from  Atlantic  Ocean,  one  seventh  natural  siie.  (See  Fig. 
148,  p.  314,  Pt.  I,  for  shell  remiuiDt.} 
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Fio.  Sg6.  —  The  aodem  Art^iuula  {A.  orto),  living  in  tbe  MediteiraiKaii. 
FcDule  with  Uk  shell  partly  bn^n.  R,  doisal  side;  B,  vential  nde; 
M,  mantle  1  tr,  iquirt  tube  (hyponomic  fiuuiel);  »■',  mouth;  I-IV,  four  pain 
of  una ;  I,  doisal  pair  of  anns,  lying  in  a  spiral  excavation  at  the  shell  and 
CDclceing  the  shell  with  its  broad  terminal  lobes  (/) ;  r,  costte  oi  ribs  of  the 
shell ;  w,  growth  lines  of  shell ;  tn,  ventral  nodes  of  shell.     (After  Steinmann.) 
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furnished  with  strong,  horay  beaks,  and  large  but  primitive  eyes. 
The  head  is  surrounded  by  a  ring  of  arms  (used  also  as  feet,  hence 
the  name,  head-footed).  The  arms  are  <rften  furnished  with  power- 
ful suckers,  as  in  the  Octopus,  squid,  and  cuttlefish.  The  shell  is 
always  divided  by  transverse  partitions  into  numerous  air-chambers, 
and  a  terminal  body-chamber,  which  alone  harbors  the  animal. 


Pig.  897.  —  Spinih 
lams,  showing  the  solt- 
bodied  animal  with  in- 
cluded spiral  shell ;  one 
half  natural  size.  New 
Zealand.     (After  Wood- 


FiG.  898.— Oriioceraj 
lumidum.  A  part  o[  the 
sbdl  pivserved.  The  re- 
maindei  shows  the  so- 
lidified mud-filling  of  the 
interior  divided  by  the 
septa,  the  edges  of  which 
form  the  "  sutures." 
SiluriAn,  Bohemia. 


Fic.  S99. — Cyrtoctras 
murchisoni,  Silurian  of 
Bohemia.  A  part  of  the 
shell  is  preserved. 


NatUiloids.  —  The  simplest  forms  occur  in  the  Palfeozoic,  where 
the  open  oceans  seem  to  have  been  peopled  primarily  by  straight 
shells  (Orihoceras  type,  Fig.  898).  These  are  long,  slightly  taper- 
ing tubes,  the  greater  part  of  which  is  divided  at  regular  and  fre- 
quent intervals  by  saucer-shaped  partitions  or  septa  placed  with 
the  concavity  upward,  and  each  pierced  by  a  central  or  eccentric 
hole,  which  is  prolonged  downward  into  a  short  tube  (siphonal 
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funnel).  When  the  shell  and  its  chambers  are  filled  with  hardened 
mud  and  the  shell  broken  away  or  dissolved,  the  edges  of  these 
septa  appear  as  r^ular  concentric  dividing  lines.  They  are  then 
called  sutures. 


Flc.  900.  — Gyrocerat  datum,    a, 
and  final  apertuial 


As  the  orthoceran  types  successively  entered  the  epeiric  seas, 
their  descendants  lost  the  straight  mode  of  growth,  one  side  of  the 
shell  growing  faster,  so  that  it  became  curved  {Cyrtoceras  type, 


Fig.  901.  — Earliest  shell  stages  of  tlie  jaoAem  flauiitus  (N.  pompUius) 
obtained  by  breaking  down  the  shell.  At  the  lower  end  the  scar  where  the 
perishable  protoconch  was  attached  is  shown.  The  &ist  septum,  the  siphuncle, 
SJid  the  second  septum  (broken)  are  shown.  Note  the  Battening  of  the  inside 
of  the  section  at  tikis  early  at&BC. 


^K-  899).  Still  more  rapid  asymmetric  growth  produced  a  coiled 
shell,  the  coiling  being  usually  in  a  single  plane,  like  that  of  a 
watch  spring  (Gyroceras  type,  Fig.  900).  With  extreme  rapidity 
of  growth  on  one  side,  the  inner  margin  of  the  tube  was  flat- 
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tened  against  the  preceding  coil,  as  a  partially  deflated  auto- 
mobile tire  is  flattened  on  the  side  in  contact  with  the  ground. 
Finally,  with  still'  greater  pressure,  due  to  increased  rapidity  of 


Fig.  901  a-c.  —  IMagrams  sbowing  tbe  developmeDt  of  the  Impressed  Eone 
in  coiled  cepbalopod  sbells.  These  outlines  repteseot  the  whoris  in  vertical 
section  through  the  shell,  a,  sections  of  three  whoris  in  cont&cti  b,  thiee 
whorls,  showing  partial  involution  with  impressed  zone;  c,  section  of  entire 
sbell  sbowing  complete  involution,  and  deep  imprewed  zones.  Alternate 
whorls  in  black.    (Original.) 

growth,  the  inner  side  of  the  coil  became  indented  by  the  preced- 
ing one,  and  this  indentation  went  so  far  in  some  cases  that  the 
projecting  edges  of  the  indented  coil  covered  all  the  preceding  ones. 
This  produced  the  Nautilus  type  (Fig.  901).  The  stages  are  shown 
in  section  In  the  above  diagrams  (Fig.  902  a-<). 


'  Fig.  903.  —  A  goniatite  (Goniatiles  (Agatiides)  rolatoriia).  Lttvti  Misnsaip- 
pian,  Rockford,  Indiana.  Internal  mold  with  shell  removed,  showing  the 
edges  of  the  septa,  i.  t.  the  sutures.    Note  their  simple  lobes  and  saddles. 

In  the  older  formations  the  processes  did  not  go  much  beyond 
that  of  flattening,  after  which  the  coiled  types  died  out.  In  later 
periods,  the  change  went  on  more  rapidly  and  deeper  indentations 
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resulted.  Finally,  only  deeply  indented  nautiloid  forms  remained, 
the  others  having  died  out.  Thus  a  regular  progress  in  develop- 
ment with  time  is  witnessed. 

Ammonoids.  —  In  the  Devonian  some  nautiloids  modified  their 
sq)ta  by  a  simple  fluting  of  the  mai^s,  giving  to  the  suture 


Fig  904.  —  A  typictl  ceiBtite  (CerotiUs  nodosus).  Muschelkalk,  Wtlre- 
burg.  a  and  b,  specunens  one  hali  natural  uze ;  c,  suture  line  on  the  out^de  — 
from  venter  (SL)  to  umbilicus  (n) ;  d,  continuation  of  suture  line  from  lateial 
saddle  [LS)  past  the  umbilical  line  ("]  to  center  of  doiaum  in  covered  part  of 
whoil  (right);  SL,  L,  I,  aP,aP;  ventral  and  lateral  lobes;  I L,  inner  lobes; 
£S,  IS,  LS;  ventral  and  lateral  saddles.     {From  Haas,  LeitfossUien.) 

an  undulatory  outline,  which,  when  pronounced,  shows  forward- 
bending  saddles  and  backward-bending  lobes.  This  is  the  gonitUiU 
form,  which  became  very  characteristic  of  the  later  PaUeozoic 
(Fig.  903).  When,  at  the  end  of  the  Paheozoic,  great  physical 
changes  caused  widespread  extinction  of  life,  these  goniatites,  hav- 
ing probably  adopted  a  pelagic  life,  were  the  chief  representatives 
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of  the  cepbalopods.  During  the  Mesozoic,  their  descendants  gave 
rise  to  a  wonderfully  complex  and  varied  series  of  types.  At  first, 
the  lobes  of  the  suture  were  further  divided  by  narrow  notches. 
This  produced  the  ceratiU  type,  which  was  especially  characteristic 
of  the  Triassic  period  (Fig.  904).  Next  the  saddles  also  became 
divided,  and  the  ammonite  types  developed  (Fig.  905).  ,This  line 
of  modification,  once  started,  continued  with  increasing  complex- 


FlC.  905  —A  smooth-shelled  ammonite  (FhyUoceras  heiero/AyUum)  IJM, 
Whitby,  England,  a,  specimen  with  shell  partly  removed  to  ahoir  complex 
suture ;  b,  front  view  showing  a  septum  smooth  at  center  but  rcgul&rly  fluted 
at  the  margins.  (£L,"keel";  L,  fiist  lateral  lobe;  t,  second  lateral  lobe; 
all  to  all,  accessory  lobes;  al„  accessory  lobe  of  umbilicus;  ES,  outer 
saddle;  L5,  first  lateral  sadcUe ;  Z^,,  second  lateral  saddle ;  Mi  to  ujt,  accessory 
saddles.)     (From  Haas,  LiitfaisilUn.) 

ity,  and  during  the  Jurassic  and_  early  Cretaceous  (Comanchean) 
the  ammonites  presented  a  variation,  not  only  in  their  sutures 
but  in  their  forms  and  shell  markings  as  well  (Fig.  906).  These 
latter  consbted  of  spiral  Tmes,  of  transverse  wrinkles  or  ribs,  and 
in  later  types  of  rows  of  nodes  and  spines  at  the  intersections  of  the 
two.  The  progressive  increase  in  complexity  of  sutures  is  shown 
in  Fig.  782,  p.  58  (see  also,  Figs.  907,  908). 

In  all  cases,  as  previously  noted,  the  young  shell  is  less  strongly 
marked  than  the  adult,  and  may  be  altogether  smooth.  Further- 
more, the  suture  in  the  young  shell  is  much  simpler  than  In  the 
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Fig.  906.  —  A  complex  ammonite  (ScUoetibachUi  crisMa).    ConuDcbcan, 
(G«ult),  Fnnce.    Two  views  of  shell  »nd  suture.     (After  D'Oibigny.    Hau, 


Fig.  907.  —  An  BnunDnite  {LyUxtras,  Upper  Jurassic),  showing  the  tmootb 
center  of  the  s^tum  passing  outward  into  Quted  margins.     (After  Zittel.) 
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adult.  Indeed,  in  the  earlier  st^es  the  ammonite  has  all  the  char- 
acters of  a  goniatite,  and  it  may  be  said  that  all  ammonites  pass 
through  a  goniatite  stage  in  their  individual  development,  just  as 


Fio.  90S.  —  Development  of  tbe  suture  in  an  ammonite' (Tra^ilu  svb- 
bultalus).  a,  side  view  of  ammonite;  6,  apertural  or  oral  view;  1:,  sutures. 
(_g-l,  simple  sutum  on  Qr^t  volution  of  shell ;  m-o,  progressively  more  complex 
sutures  on  second  volution  of  shell,}     (After  Zittel,  Crutukiige.) 

the  races  of  ammonites  were  preceded  by  goniatites  which  were 
their  progenitors.  In  other  words,  the  individual  ammonite  re- 
peats, in  a  brief  manner,  in  its  own  development,  the  life  history 
of  its  race  {Fig.  908). 

By  the  time  the  Cretaceous  period  was  reached  in  the  history  of 
the  earth,  many  racial  lines  of  ammonites  had  died  out,  while  others 


Fic.  909.  —  ScafhUes,  an  ammonoid  type  in  which  the  last  wbotk  are  hott- 
coiled,  in  [lart  straightened.     (After  Steinmann,) 

had  developed  extremes  of  surface  characters  (often  called  ornamen- 
tations). Some  of  them,  like  Scaphites  (Fig.  909),  had  begun 
to  lose  their  power  of  coiling  in  the  adult  stage.  They  always 
present  a  curvature  on  a  much  larger  radius  than  normal,  with 
usually  a  hnal  recurving  of  the  last  part.    One  group,  the  BactdiUs 
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(Fig.  910),  coiled  only  during  the  very  earliest  stages,  and  later  con- 
tinued to  grow  as  a  straight  tube.  Others  again  returned  to  a  loose 
coiling  habit  {Crioceras,  etc.,  Fig.  911).  Still  another  series  under- 
went a  continued  and  variable  change  in  direction  as  it  grew,  and  thus 


Tits.  gto. — BacvliUs 

■   ancefs.       Cretaceous. 

A    terminal    straight 

■belled  member  of  an 

(After  SU 


Fig.    911.  —  Types    of    loose-coiled    ammonoida. 

A,  Crioceras  duvali  (X^),  Comanchean  (Neocomian) ; 

B,  C.  (Ancyhceroi)  mallifTotii    (X^)    Comanrhran 
(Aptian).    (After  Stemmann.) 


produced  grotesquely  twisted  and  contorted  forms  (Heteroceras, 
etc.,  Figs.  912,  913).  All  these  changes  may  be  regarded  as  the 
final  manifestation  of  declining  vitality  of  the  race,  for  by  the  end 
of  the  Mesozoic  all  the  ammonites  had  died  out,  not  a  single 
member  of  the  group  continuing  into  the  Tertiary  era,  where, 
however,  the  less  complexly  constructed  Nautilus  still  exbted, 
this  group  continuing  even  to  the  present  time. 

Another  type  of  degeneration  affected  the  suture  rather  than 
the  form,  with  the  result  that,  in  the  Upper  Cretaceous,  there  are 
a  number  of  ammonites  which  have  all  the  characteristics  of  that 
group,  except  for  the  suture,  which  never  passes  beyond  the 
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ceratite  stage.     Such  forms  have  been  called  collectively  pseudo- 
ceratiUs  (Fig.  914). 

BdemniUs.  —  Toward  the  dose  of  the  Palseozoic,  another  race 
blanched <^  from  the  last  survivorsof  the  straight-shelled  ortboceran 


Fro.  i)\i.—  Btttroceras  (NipfioniUs) 
tmrabiiis  Ynbe,  CreUtceous,  Japan.  An 
extremely  convoluted  cephalopod  shell, 
illustrBting  "  death  spasms  "  of  the  race. 
(After  Yabe.) 


Fio.  913. —  Heleroceras  (Nip- 
poniUs)  mirabilis.  Wire  model  of 
the  individual  illusUated  in  Fig. 
912,  showing  the  mode  ol  coiling. 
(After  Yabe.) 


type.  In  this  new  group,  the  Belemnites,  apparently  the  first  of  the 
two-gilled  or  dibranchiate  forms,  the  animal  seems  to  have  out- 
grown the  sheU  and  gradually  begun  to  envelop  it  as  some  sea- 
snails  envelop  their  shells  by  the  expanded  mantle  {Fig.  887  and 
Cypraa,  Fig.  8SSk).    In  the  belemnite  group  the  enveloping  mantle 


deposited  additional  calcareous  material  around  the  shell,  produc- 
ing eventually  a  solid,  cigar-shaped  structure  of  lime,  in  the  upper 
part  of  which  the  sheU  was  embedded  (Fig.  915).  This  structure, 
known  as  the  guard,  is  a  common  one  in  the  Jurassic  and  even 
the  Cretaceous  rocks  (Fig.  916),  but  after  that  time  the  guard 
underwent  a  reduction,  and  in  the  modern  dibranchiates,  some 
of  which  still  develop  an  internal  shell  (Spirula,  Fig.  897),  it  has 
disappeared. 
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PUtrhelmUiths  ind  Womu.  —  As  these  are  soft-bodied  animals, 
they  seldom  leave  a  record  in  the  rocks,  except  in  the  form  of  cast- 
ings, or  as  burrows  in  the  sand,  tubes  constructed  of  sand  grains. 


Fig.  915.  —  Reoonstnictioii  of  a 
belcDUiite  in  longitudinal  section. 
a,  anni;  d,  intestiDBl  tract;  t,  jaws; 
ki,  gills;  m,  mantle;  ph,  phragmo- 
cone  or  shell  proper;  po,  prodatra- 
cum;'  r,  rostrum;  s,  siphuncle; 
ti,  ink  bag;  tr,  hyponome.  (After 
von  StromerO 


Fio.  Q16.  —  Diagram  of  the  struc- 
ture of  a  baleronite.  ^,  anterior  sbeU 
process  (proostracum) ;  CC,  cono- 
tlleca  or  thin  shell  wall  of  phragmo- 
cone ;  D,  guard;  aa,  axis  of  guard 
gg,  growth  lines  of  lamine  of  guard 
f,  sheU  proper  or  phragmocone 
j,end  of  siphuncle.  (After  Woodward.) 


or,  in  the  case  of  a  few  types,  calcareous  tubes  {Spirorhis,  Serpula, 
Fig.  917).  In  rare  cases  impressions  of  the  soft  parts  are  also  pre- 
served (Fig.  918,  see  also  Figs.  1040,  1041).  Some  marine  worms 
develop  homy,  jaw-like  structures  within  the  body,  and  these 
may  be  preserved.     Even   in  the  PalseoZoic  deposits   there  are 
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many  such  structures,  called  cotwdonts,  which  appear  to  be  the 
oesophageal  "  jaws  "  of  worms  (Fig.  Qig). 

Crustacea.  —  These  arthropods,  or  creatures  with  jointed  legs, 
have  abounded  in  all  the  known  [>eriods  of  the  earth's  history, 
having  been  found  even  in  the  oldest  fossiliferous  rocks.  The 
several  sub-dasses  wiD  be  considered  separately. 


[n  tubes  a  Serpula  Umax.  Middle  Jurassic,  Franken. 
b  and  c  Srrpuio  gordialss  Cenomaman  Saxony;  d,  S.  convotuta,  Middle 
Jurassic  W  lirttembert;  e  /  5  (Oaieotaria)  sacialh,  Middle  Jurassic,  Baden 
(/  enlarged);  g,  S.  srpUmsulcata,  Cenomanian,  Saxony;  k,  S.  {Retuiaria) 
spirula.  Eocene,  Italy;  i,  Tcrebdla  lapiltoides,  Upper  Jurassic,  Franken. 
(After  Zittel,  CrundzUge.) 


TrilobiUs.  —  These  are  among  the  oldest  marine  crustaceans, 
and  they  represent  a  group  which  was  entirely  confined  to  the 
Paljeozoic,  becoming  extinct  at  the  close  of  that  era  (Fig.  920). 
They  derive  their  name  from  the  tact  that  the  body,  which  is  cov- 
ered with  a  hard,  lime- impregnated  skin  or  exoskeleton,  like  that 
of  lobsters  and  crabs,  is  divided  longitudinally  into  three  parts  or 
lobes,  a  middle  or  axial  one  and  a  lateral  one  on  each  side.    Trans- 
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versely,  too,  there  are  three  regions :  the  head,  thorax,  and  pygidium. 
The  head  or  cephalon  is  approximately  semicircular  in  outline, 
with  a  median,  more  or  less  raised  and  lobed  division,  the  glabella, 
and  lateral  checks,  which  in  most  groups  are  divided  by  a  Une  or 
suture  into  inner,  or  fixed,  and  outer,  or  free  cheeks,  the  latter  carry- 
ing the  large  compound  eyes,  when  these  are  present.     In  some 


iEunicilts  avilus). 

Lithographic  platy 

UmestoDcs,    Eichstfidt.  Fig.  919.  ^  Conodonts,  supposed  to  be  (Esophageal 

Bavaria.  (After  Ehlets.)  teeth  of  worms.     (After  Hinde.) 


cases  these  compound  eyes  carry  an  exceedingly  large  number  of 
lenses,  fifteen  thousand  being  the  maximum  reported  m  one  case 
for  each  eye.  Usually,  however,  the  number  is  much  smaller 
(Fig.  921). 

On  the  under  side  of  the  cephalic  shield  special  mouth  structures, 
including  a  plate  known  as  the  hypostoma,  or  upper  lip,  are  de- 
veloped (Fig.  922).  Tentacles  and  other  organs  have  also  been 
detected  in  well-preserved  forms.  The  thorax,  or  middle  region, 
consisted  of  rings  (varying  in  number  for  different  genera),  each 
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of  which  had  an  axial  portion  and  lateral  pleurae.  They  were  mov- 
able, so  that  the  animal  was  enabled  to  roll  itself  into  a  ball.  On 
the  under  side  of  the  thoracic  segments  legs  and  ffH  structures 
were  developed,  these  being  visible  only  in  well-preserved  sped- 


FiG.  Qio.— Trilobite  {Calymmene 
tuberculata),  showing  parts,  k,  cepha- 
lon;  a,  eye;  fl,  glabella;  I,  outer 
rim;  n,  facial  suture;  n/,  neck  fur- 
row; w,  occipital  ring;  o/,  posterior 
furrow;  or,  posterior  marginal  rim; 
rf,  dorsal  furrow;  rf,  marginal  fur- 
row; sf,  lateral  furrows  of  glabella; 
si,  frontal  lobe;  wa,  cheek;  ic,  fixed 
cheek;  lu'.free  cheek;  r, thorax {1-13 
movable  thoracic  rings);  ^f,  pleurx; 
rf,  Aonal  furrow;  ip,  rbachis  or 
">*) ;  i>  pygidium  (a,  ax,  rachis  or 
axis;  f/,  dorsal  furrows ;  sV,  lateral 
lobes).    Natural  size.    (After  Stein- 


Fto.  gat.  —  Visual  surfaces  of  the 
eyes  of  trilobites.  i,  Peltura  siara- 
baoidts  Xao;  1',  Asaphuj,  part  of 
visual  surface  X  30;  2,  Aiapkui  faliax 
(vertical  section  X60);  3,  Spharo- 
phthalmus  alatus  (vertical  section 
Xloo);  A,  Phacops  macro pkihalmus 
(vertical  section  X  30) ;  5,  horizontal 
section  of  same  X  so;  6,  Dalnanila 
imbrkatula,  lenses  partly  destroj'ed 
X14:  7,  stomata  of  Harpcs  viUa- 
Ills  X  S;  S,  section  through  sto- 
mata of  same,  showing  neatly  plano- 
convex lenses  surrounded  marginally 
by  integument.    (After  LindsWjm.) 
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mens  (Fig.  933).  The  pygidium,  or  abdomen,  was  again  a  solid 
piece,  but  superficially  grooved  to  resemble  the  thorax.  In  some 
forms  it  was  very  small,  in  others  equal  to  the  cephalon  in  size. 


FtG.  931.  —  Hypostomes  of  trilolutes  and  Apus. 
media,  Xai;  i,  Piychopyge  cincla,  X  3;  i,  ^urinums  fmnclatus,  X  3; 
3,  Bronieus  polyactin,  X  i} ;  3a,  right  mACula  of  same,  X  ^;  At  Apta  can- 
erifoTMu,  X  5.     (After  Lindstrtim,) 

Sometimes  it  terminated  in  a  spine  or  telson.  (See  further 
illustrations  in  the  chapters  dealing  with  the  several  FaUeozoic 
^sterns.) 


FtG.  913.  —  TrioTOvut  becUi,  top  and   bottom  vkws,  showing  the  ai^n- 
dages,  enlarged.    (After  Beechet.) 

Entomostroca.  —  A  second  group,  the  Enlomostraca,  often  living 
in  fresh  water  {Eslkeria,  Fig.  934),  had  the  body  mostly  inclosed 
by  a  homy  shell  of  several  pieces,  in  most  types,  although  the 
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ostracods,  which  were  chiefly  marine,  were  inclosed  in  a  bivalve 

calcareous  shell  (Fig.  936  a).   These  were  mostly  small,  the  largest 

not  much  larger  than  a  bean, 

which   they   also  resembled  in 

general    shape    (Fig.  927).    A 

single  silicified  os traced  has  been 

found  in  the  Upper  Carbonic 


Fio.  Q14.  —  Eslheria  intnuia,  Tri- 
asdc.  A,  Bhell,  lateral  view.  X6 
(it,  doml  edge;  c,  gcowtb  lines); 
B,  portion  of  sbell  surface,  X  50 
(c,  growth  lines;  m,  mesh-stiucture). 
(After  Stein  maon.) 

of  St.  Etienne,  France,  in  which 
some  of  the  internal  organs  are 
preserved  {Fig.  9266).  Fig.  gas— -^^i  a  modem  phyl- 

Cirrifiedia     (Barnacles).  —  A      '"P™*  i^iuBtacean,  top  view.    (After 
,  ^ .  ^       ,  /  Heck,  etc..  Das  Tterrrkk.) 

d^encrate  group  of  crustaceans 

is  represented  by  the  barnacles  which  are  attached  to  rocks  or  other 
substances  and  build  a  protective  covering  of  many  calcareous 


Fic.  gi6a.  —  A  modem  ostracod  (Cyst's),  showiiif;  the  internal  anatomy. 
Female  before  sexual  maturity;  right  valve  of  shell  removed  to  show  in- 
ternal anatomy.  {A'A",  lii^t  and  second  pair  of  antennie;  Ob,  upper  lip; 
Md,  mandible  with  le^-like  feelers ;  G,  cerebral  ganglion  with  unpaired  eye ; 
5if,  shell  muscle;  Mx'  Mx",  6rst  and  second  pair  of  maxills;  F',  foot  for 
crawling;  F",  foot  for  cleaning;  Fu,  furka;  M,  stomach;  D,  i 
L,  liver;  Ge,  geoitab.)     (After  Haas,  Leitfossilien.) 
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pieces,  the  outer  ring  of  which  forms  the  cylindrical  or  conical 
"  corona  "  of  the  typical  acorn  bamacte  (Fig,  928).  Other  types 
of  barnacles  arrange  their  calcareous  plates  in  diverse  ways  (Fig. 


Fic  936  6.  —  PataoeypHs  edwardsi,  Upper  Carbonic,  St.  Etienne,  France 
(much  Enlarged).  The  only  fossil  ostracod  preserving  the  internal  stnictuits 
which  ue  silicified.  (a,  Eye;  aM,abdomen;  ;,  genital  organs ;  J^,  upper  mar- 
gin of  body;  I,  shell  with  biistles  on  upper  niargin,  incomplete  behind;  i,  an- 
teonulc;  i,  antenme;  3,  mandible;  4,  piemaxilhe;  5,  nuudlUe;  6,  thondc 
af^yendages.)    (After  BrongniarL) 

939).    Though  typically  Mesozoic  and  younger,  representatives 
of  this  group  also  occurred  in  the  Paheozoic. 

Pkyllocarida.  —  Still  another  group  abundantly  represented  in 
the  Palsozoic  were  the  phyllocarids,  which  had  a  part  of  their 
body  inclosed  in  a  saddle-shaped  shell  or  carapace  (Figs.  930, 931). 

m         ^  . 


Ym,  937.  —  Veprrditia  tasingen,  Silurian,  Gotland.  A,  left  side;  B,  veotnil 
nde;  C,  dorsal  view  {0,  eye  spot;  m,  muscle  spot;  s,  kft  valve;  t',  ri^t 
ndve).     (After  Steinmann.) 

Malacostraca.  —  This  subclass  includes  a  number  of  orders,  of 
which  the  Amphipoda,  Isopoda  and  Decapoda  are  the  most  familiar. 
The  first  of  these  orders  is  illustrated  by  the  long,  slender  Idotea 
of  the  Atlantic  beaches,  and  by  the  sow-bugs,  pill-bugs,  or  wood- 
lice  found  under  atones  and  logs.  They  are  not  positively  known 
before  the  Tertiary.  The  Isopoda  are  represented  by  the  common 
beach  or  sand-flea  (Orckestta)  of  the  present  time  and  by  fossil 
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forms  from  the  Jurassic  on.    Older  types  have  also  been  referred 
to  this  order  with  some  doubt. 


Fig.  92S.  —  The  barnacle,  Balanus,  Fig.  919.— The  Goose  Burude, 
growing  attached  to  a  lock.  (See  also  Lepas  analifera,  with  right  valve 
Fig.  790,  p.  66.)  Rtnoved.    a,  Stem ;  C,  Te,  aod  Sc, 

shell  pieces  (C,  carina ;  Te,  terga ; 

£c,scuts)i  Mk, mouth;  F,furcs; 

P,  dmis  (or  penb) ;   M,  muscle. 

The  group  of  the  Decapods  (lobster,  crabs,  etc.),  with  large  jointed 
1^,  and  the  bead  and  thorax  inclosed  by  a  single  shell  piece  or 
carapace,  are  primarily  characteristic  of  the  Mesozoic  and  younger 
rocks,  continuing  to  the  present  dme  (Figs.  932,  933). 


Fig.  930. — An  Oidovician  phyllocarid  crustacean,  Ceratiocaris  fapUio 
(X  ))■  Lanarkshire,  Scotland,  a,  Antenns;  m,  mandible;  r,  icstnun. 
(After  Woodward.) 
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FiO.  931. "—A  DevonittD  phyllocarid  crustacean,  Meselhyra  octam.     Portage 
shales  of  New  YoA  (X  g).     (After  HaU  and  Clarke.) 


Ftc.  931. —  The  Crayfish.  Adult  male,  a,  RMtium;  h,  cephalothoracic 
diidd;  f,  fpll;  if,  anal  segmenti  1-VI,  abdominal  segments;  i,  eye  stalk; 
a,  3,  feelers;  9,  outermost  jaw-foot  (mazillipede) ;  10,  chelate  foot;  11-14, 
wstkiiigfeet;  17,  avrimming  feet  (pleopoda) ;  30,  caudal  fin.    (After  Hudey.) 
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Acerata.  —  The  oldest  group  of  the  Acerata  appears  to  have  been 
that  of  the  Merostomala,  which  in  the  Palieozoic  were  represented 


Pig.  933-  —  A  receot  crab  (Cancer  anJc«nan'ui),  from  the  Pacific 


chiefly  by  the  eurypterids,  a  group  of  cmstacea-like  animals,  some  of 
which  reached  a  length  of  six  feet  or  more.  Their  general  appearance 
and  character  are  shown  in  the  annexed  figures  (Figs.  934<i,i).  The 


FlC  934-  —  A  fossil  merostome,  EurypUnti  rtmipes.     Upper  (a)  and  undei  (i) 
aide  of  an  individual,  restored.     (First  pair  of  appendages  omitted.) 
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entire  body  was  covered  with  a  lime-impr^nated  skin  as  in  Crus- 
tacea, and  as  in  these  animals,  this  skin  was  shed  rq)eatedly  during 
growth.    The  anterior  portion,  or  cephalothorax,  carried  a  pair  of 


Fic.  935-  —  Fossil  scorpions.  A,  PaUtophonus  caMonkus,  Upper  S3uriaii, 
ScotlaDd.  Ventral  side  restored  (i-^,  walking  legs;  c,  comb;  {,  geoital 
opening;  t,  *(,  feelers;  j,  sternum,  natural  size}.  (Alter  Pocock.)  B,  Tilyus 
htftus;  Lower  Oligocene  amber;  Saniland.  A,  doisal  side,  X  31  B,  ante- 
rior port  of  cepfaalo-tbofax  1   much  enlarged.    (After  Menge.) 


compound  and  a  pair  of  simple  eyes,  and  on  its  under  side,  besides 
the  mouth-parts,  six  pairs  of  jointed  appendages,  the  first  with 
pincer-like  termination,  and  the  last  often  paddle-shaped.  The 
first  six  segments  of  the  ringed  abdomen  carried  flat,  leaf -like  breath- 


Flo.  936.  —  A  modem  scorpion,  Scorpio  after  (natural  mm;),    a,  Cbela  or 
pincer  claw  (enlarged) ;  b,  poison  gland ;  c,  poison  sting. 

ing  organs  or  "  gills,"  but  the  other  rings  and  the  tenninal  spine, 
or  telson,  were  without  appendages. 

Recent  studies  seem  to  indicate  conclusively  that  these  or^n- 
isms  were  inhabitants  of  the  rivers  of  the  Falxozoic.    From  them, 
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it  appears,  the  land  scorpions  arose,  the  oldest  of  which  are  known 
from  the  Upper  SUaiiaji  deposits  (Fig.  935  A).    Examples  of  a 


F^C.  937.  —  A,  Jurasuc  horseshoe  crab,  Limtdus  urokhi.  Solnhofen. 
Ventral  and  dorsal  views.  One  fourth  natural  size.  B,  L.  palyphemvs,  the 
laival  sUge  (trilobite  stage)  of  the  modern  species ;  one  half  natural  size 
(i,  cephalothorax i  r,  abdomen;  s,  caudal  portion  or  tetsoD  (1);  |{,  glabella 
a,  compound  eyesi  0,  umple  eyes  (ocelli);  v,  cheek;  I,  marginal  rim 
X,  doublure;  tf',  marginal  spines  (normally  6); /,  legs;  i^,  axis;  ^,  pleune). 
(Alter  Steinmann.) 

Tertiary  and  a  modem  scorpion  are  shown  in  Figs.  935  b  and  956, 
respectively.  The  well-known  horseshoe  crab  {Limtdus,  Fig.  937) 
of  our  sea-coasts  is  a  modem  representative  of  the  merostomes 


FiC.  938.— Oligocene  spiders.     A,  Archaa  paradoxa,  Koch  (X  3) ;  B,  Mizdia 
rostrala,  Koch  (X  3)-    Lower  Oligocene  amber.    Samland.     (After  Ziltel.) 
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and  is  also  known  from  Mesozoic  sediments.    It  had  Palceozoic 
ancestors,  wliich  also  seem  to  have  lived  in  fresh  water. 


F1C.939.  —  Modern  types  of  insects,     i,  Springtail  (Thysanuia,  Compodts); 

I,  May-fly  or  Day-fly  (Ephemeroplera,  Ephemera) ;  3,  Stooe  fly  (Plecoptora, 
Nenunira) ;  4-6,  Termites  or  white  anis  (Platypteta,  Termes,  enlarged) : 
4,  worker;  5,  soldier;  6,  king  or  perfect  male;  7,  human  louse  (Hemiptera 
(Heteroptera),  Pediculus,  enlarged) ;  8,  Caddis-fiy  (Tricbopteia,  AnabBtia) ; 
5-11,  antslllymenoptera,  fwrnica)  :  g, soldier;  10,  worker;  it,  winged  male; 

II,  sbeep  tick  (Diptera,  Melophagus).  All  flgures  slightly  reduced  except 
3  whkfi  ii  slightly  enlarged ;  4,  5,  and  12  wliich  are  twice  natural  uze;  and 
7  which  b  [our  times  natural  size.  In  all  of  the  figures :  A ,  head ;  B,  tboru ; 
C,  abdomen;  al,  anteniue;  b',  prothorai;  b",  roesothorax;  b'",  metathorax; 
c^-e",  abdominal  segments;  it,  thread-like  sets. 

The  spiders,  which  with  the  scorpions  fonn  the  subclass  Arack- 
mda,  incltide  several  thotisand  modem  species.     They  appeared 
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first  in  the  period  of  the  Coal-measure  forests  (Carbonic),  but  may 
have  existed  previously.  The  head  and  thorax  are  united  into  a 
cephalothorax,  while  the  abdomen  is  distinct  but  without  rings. 


Ftc.  940.  —  Modem  types  of  insects.    (All  about  f- natural  atze.)    i,  Dragon 

fly  (Odonata,  Libellula) ;  2,  Giaol  water  bug  (Hemiptera  (Heteroptera), 
Belostoma);  3,  Carabid  beetle  (Coleoptera,  Harpalus);  4,  Crawler  [Neu- 
Toptera,  Corydalas),  reduced;  5,  Ant-lion  (Neuroptera,  Myrmticon); 
6-8,  American  sillc-wonn  (Lepidoptera,  Teha  polyphimus);  6,  Caterpillar; 
7,  Cocoon  with  larva;  S,  Pupa.     (For  moth  see  Fig.  941.) 

Beautifully  preserved  individuals  are  found  in  the  Oligocene 
amber  of  the  Baltic  (Figs.  938./!,  B). 

Insecta.  — These  arthropods,  of  which  there  are  now  over  384,000 
living  species,  appear  to  have  arisen  from  some  trilobite  ancestor 
during  a  period  of  land  expansion,  when  a  premium  was  put  upon 
the  ability  of  the  animal  to  breathe  air  in  some  direct  way.    The 
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Tto.  (M  I.  —  Types  of  modern  insects,  i ,  Grasshopper  (Orthoptera,  Orcke- 
linum) ;  a,  walking-stick  (Orthoptera,  Diapkcromera) ;  3,  4,  cockroach 
(Orthoptera,  Periflanala:  3,  male;  4,  female);  5,  earwig  (Dennoptera, 
ForficM) ;  6,  7,  May-beetle  (Coleoptera,  Lachmosterna,  side  and  top  view) ; 
8,  squasb-buft  (Hemiptera,  Anasa);  9,  honey-bee  (Hymeooptera  {Apis, 
worker);  10,  Ichneumon-fly  (Hymenoptera,  Thaiasa);  11,  paper  or  social 
wasp  (Hymenoptera,  Vtspa) ;  i  j,  flea  (Siphonoptera) ;  13,  forest-fly  (Diptera, 
Bipftbeica).     All  figures  reduced  one  half  except  11,  which  13  twice  enlanc^t 


154 


Classes  of  Plants  and  Animals 


group  probably  arose  in  the  Ordovician,  but  did  not  become  prom- 
inent until  the  period  when  the  Coal-measure  forests  flourished. 
Even  then  insects  were  of  an  archaic  type,  though  often  large, 
and  resembling  in  general  form  some  modem  species.   The  modem 


Fig,  943-  — Types  of  modem  insects,  (lyi  reduced  about  one  half  except 
},  which  is  greatly  enlarged,  and  3,  which  is  natural  size.)  i,  Cicada  or  harvest 
fly  (Homoptera,  Cicada);  3,  BuSalo  or  carpet  beetle  (Coleoptera,  Antkrtmis, 
greatly  enlarged) ;  3,  lady-beetle  or  lady-bug  (Coleoptera,  Migii/a);  4,  Scor- 
pion-By  (Mecoptera,  Panorpa) ;  5  -7,  milkweed  butterfly  (Lepidoptera, 
Danois:  s.  male  ;  6,  caterpillar ;  7,  chrs^is  or  pupa) ;  8-9,  cabbage  butterfly 
(Lepidoptera,  i'i^ru;  S,  female;  9,  male);  10,  oak  gall  or  oak  apple  broken  to 
thoH  the  larva  of  the  gall-Sy  in  its  cell  (Hymenoptera,  Cynip!);  11,  digger 
wasp  {Hymenoptera,  Sphex) ;  1 2,  horse-fly  (Diptera,  Tabanus),  In  i :  al,  an- 
tennie;  rVi  compound  eye;  fr',  prothorax;  &",  mesothorax;  i"',  meta thorax. 
In  6:  I'-l'",  true,  jointed  legs;  /i'-/i*,  unjointed,  false  legs  or  prop-legs }- 
Jj*,  prop-legs  on  last  or  thirteenth  segment.  In  ro:  a,  larva;  ft,  opening  through 
which  winged  insect  emerges.  Inn:  i",  mesothorait;  if",  point  of  insertion 
of  one  of  the  small  second  pair  of  wings. 

insects  arose  in  the  Mesozoic,  and  their  great  development  appears 
to  be  correlative  with  the  spread  of  flowering  plants  over  the  lands. 
In  modem  insects  the  head,  thorax,  and  abdomen  are  distinct, 
the  head  carrying  mouth  parts,  antenns,  eyes,  etc.,  while  the  thorax 
is  typically  furnished  with  three  pairs  of  legs  (hence  the  name  Hexa- 
poda  —  six-footed)  and  two  pairs  of  wings,  one  or  both  of  which 
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may  be  modified  pr  absent  altogether.  Breathing  is  accomplished 
by  a  series  of  respiratory  tubes  (trachea)  which  open  externally 
permitting  the  direct  entrance  of  the  air.  The  principal  orders  of 
modem  insects  are  represented  in  Figs.  939-943. 

Echinodennata.  — These  are  all  marine  animals  with  a  body  pro- 
tected by  a  series  of  calcareous  plates  more  or  less  closely  associ- 
ated and  formed  within  the  outer  integument  of  the  body.  Three 
of  the  orders  —  cystoids,  blastoids,  and  crinoids  —  are  usually 
fixed  to  the  sea-bottom  by  a  fleidble  stem  or  by  direct  attachment 


Fm.  944. — Ad  unattached  modern  crinoid.  Comalula.  A,  Adult  (reduced; 
after  Forbes);  B,  stalked  "  Pentacrinoid,"  larval  stage  (mncb  enlarged; 
after  Wyville  Tbonuon) ;  b,  basals  i  r,  radiala ;  o,  orab ;  cd,  centrodoisal  plate. 

to  Other  objects.  Some  forms,  however,  are  free  (Figs.  944  A,  B). 
The  other  four  classes  are  free  and  have  the  power  of  locomotion. 
Crinoids.  —  (Figs.  944-946.)  The  stem  of  a  crinoid  is  typically 
composed  of  a  series  of  calcareous  disks,  superposed,  and  held  to- 
gether by  organic  tissue.  The  center  of  the  stem  is  pierced  by  an 
axial  canal.  The  stem  is  sometimes  fixed  by  an  expanding  basal  disk, 
by  root-like  branches,  or  it  is  buried  in  the  mud.  In  the  Mesozoic 
and  modem  crinoids  certain  of  the  stem  elements  have  short  lateral 
branches  or  drri,  which  give  the  stem  a  very  characteristic  aspect 
(Fig.  946).    The  body  of  the  crinoid  consists  of  a  regular  series  of 
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plates  in  dose  juxtaposition,  and  of  definite  form  and  number  for 
each  genus  and  species  (Fig,  947).  They  are  generally  arranged 
in  circles  of  five,  but  an  additional  series  may  become  interposed 
on  one  side  (anal  series,  Fig.  947  D,  ui-aO-  The  circles  of  plates  are 
successively  designated  as  basds,  of  which  there  may  be  two  circles, 
the  plates  alternately  arranged,  and  as  radtals,  which  alternate 
in  posiUon  with  the  plates  of  the  basal  ring  next  below.    Above 


Fig.  94S-  —  A  modem  deep-sea  crinoid,  Ptnlacritius  capul-medusm,  Miller. 
Calyr  wtlh  anus  and  part  of  stem.  Oral  siuface  ot  calyx  enlarged.  O,  mouth; 
A,  anus.  (After  J.  MliUer.)  (Note  distant  cirri  of  stem  as  compared  with 
crowded  character  in  the  fossil  species,  Fig.  946.} 

the  radials  are  the  arm  plates  {brachiais),  which  may  articulate 
with  the  radiab,  producing  '*  free  "  arms,  or,  as  in  most  of  the  Palaeo- 
zoic forms,  are  closely  joined  to  the  other  plates  for  several  suc- 
cessive circles,  after  which  the  arms  become  free  (Fig.  947  A,bT).  A 
cup  or  calyx  is  thus  formed,  the  top  of  which  is  covered  by  a  mem- 
brane or  by  a  series  of  closely  arranged  but  irregular  plates,  and 
these  may  extend  into  a  proboscis  or  tube,  at  the  end  of  which  the 
anal  opening  is  situated  (Fig.  947  A,pr).  The  mouth  is  beneath 
the  calyx  cover,  and  from  it  grooves  or  canals  lead  to  the  arms 
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(Fig.  947  C) .  These  are  five  in  number,  but  may  branch  repeatedly. 
They  are  composed  of  a  succession  of  calcareous  plates  embedded 
in  oi;ganic  material,  each  plate  being  provided  on  alternate  sides 
with  a  small  branch  or  pinnule  of  construction  similar  to  that  of 
the  ann  (Fig.  946).  The  food  is  gathered  by  these  pinnule-bear- 
ing arms  from  the  sea-water  (plankton)  and  conveyed  along  a 
median  groove  to  the  mouth.     (See  also  Fig.  945  a.) 


Fic.  946.  —  PttOaerinus  from  the  Jurassic.  (Note  the  crowded  character 
of  the  cirri  upon  the  stem  and  compare  with  their  distant  arrangement  in 
the  modem  form,  Fig.  945-)     (After  Kirk.} 

Cysloids  and  Blastoids.  —  In  the  cystoids,  which  constitute  the 
oldest  division  of  the  stemmed  echinoderms,  the  plates  are  irregu- 
lar, not  in  series,  the  arms  few  or  aborted,  and  the  stem  sometimes 
absent  (Fig.  94S).  A  peculiar  series  of  pores  and  canals  covers 
the  plates  or  is  restricted  to  certain  areas.  These  pores  serve  in 
part  a  breathing  function.  The  Uastoidx  (Fig.  949),  which  are 
most  abimdant  in  the  later  Palieozoic,  have  no  arms,  but  each 
radial  plate  is  incised,  this  incision  being  occupied  by  a  grooved 
plate  or  a  plate  margined  by  many  small  additional  plates  with 
pores  between  (Fig.  950  b).  This  is  the  so-called  "  ambulacral 
area  "  and  from  its  margins  pinnules  may  arise.    These  are,  how- 


Classes  of  Plants  and  Animals 


Fio.  947. — The  structure  of  crinoids. 
A,  Lobocrinus  pyriformis,  Missbuppian 
(br,  arms,  removed  on  one  side;  pr, 
proboscis;  i(,  stem);  B,  Caclocnnus  pro- 
bescidalis,  with  covering  partly  broken 
(ci,  ambulacra) ;  C,  internal  mold  of  same 
(a,  una;  e,  branching  ambulacra ;  C|,  small 
covering  plates  of  ambulacra;  0,  mouth); 
D,  Calyx  plates  of  Batocrinui  (b,  basals;  ri, 
ifi-^  secondary;  rfj,  tertiary  brachial;  Oi-Oj 
brachials;  id,   higher  interbiachial).     (Aftei 


Fig.  948. — A  typical  cystoid, 
PlruTocystilti  iquamoiua,  with 
nearly  entire  stem  and  broken 
arms.  Note  the  three  pore 
rhombs  (hydrospires),  the  raised 
rhombic  areas  marking  the  junc- 
tion of  three  plates. 

radials ;  fi,  ri,  primary  brachials ; 
i,  anal  interradials ;  tri-iT),  inter- 
■  Meek  and  Worthen.) 


Fic,  949.  —  Bloitoids.  A,  Pentremiles  pyriformis  with  st 
rialis,  separated  plates;  C,  P.  sukalui,  showing  [unnules,  0 
enlarged     Misussippian  (Chester)  limestones. 
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ever,   seldom  preserved.    The    breathing   apparatus  consists  of 
folded  sacs  on  the  inside  of  the  ambulacral  areas  (Figs.  950  6,  ky. 


Tio.  950  a.  —  Reconstnictiou  of  a 
bUstoid,  Oropliocrinv!  fusijormh. 
MissisEippiaD,  of  Iowa;  about  natu- 
ral UM.     {W,   bold-Cast      ~ 


Fic  950  b  —  A  prepared  blastoid 
calyx,  Pentremitts  %odoin,  sbowing 
stnicture  (6,  basals,  g,  radials; 
d,  deltoids  Central  ambulacral  area 
with  paits  removed  showing: 
d^,  coveriDg  plates;  Ay,  hydrospires; 
I,  lancet  plate;  p,  pores  between  side 
plates;  ^,  biserial  pinnule;  /ii.(,  pin- 


G,  ladials  with  deltoids;  nule  groove.)  U[q)er  Mississippian 
Fi,  ^nules  covering  ambulacra.)  (Chester)  beds  of  North  America. 
(After  Bather.)  (After  Oehlert.) 

and  QSi),  communicating  with  the  exterior  by  ambulacral  pores, 
and  generally  opening  by  apertures  or  slits  placed  around  the 
central  mouth.    The  anal  opening  may  be  distinct  (Fig.  952),  or 


Fic.  9S1.  -^  Flydrospire  types  of  Mastoids,  a,  Codaster  IrUobalus ;  ft,  Oropho- 
cnnta  vtrus;  c,  Mtsoblastus  tintalus;  d,  OtbitremUes  norvioadi;  e,  OrbUrc- 
mila  derbyetuii  (amb.,  ambulacral  groove  with  covering  plates ;  hy,  hydrospires; 
/,  tancet-plate  with  axial  canal;  pi,  pinnule;  r{g  in  a)  margin  of  deltoid; 
I,  aide  plates).    (After  Etheridge  and  Carpenter.) 
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Fig.  952.  — A  Middle  Devonian  blastoid,  EUeacrinus  vertieuilt.  Columbus, 
Ohio,  o,  anterior  view;  i,  oral  view;  i:,  posterior  (anal)  view.  (.4i,  bdus; 
cp,  covering  plates;  fg,  ambulacral  furrow;  IR  and  A,  intenadials  or  deltoids; 
R,  low  radials ;  i^,  E{UracuU.     (After  Bather.) 


Fig,  953- — Modem  starfish  {Ailropalen  spinuivsmj  in  natural  surround- 
ings. The  upper  figure  shows  the  dorsal  surface  with  the  madrepork  body 
in  the  center  between  the  two  arms ;  the  lower  figure  shows  the  ventral  sur- 
face with  the  mouth  in  the  center,  and  the  minute  "  lubed  feet  "  or  ambulacra 
along  the  center  of  each  ray.  (After  Heck,  etc..  Das  Titrrtick.)  See  also 
Figs.  788-7!»o,  PP-  fn-ts. 


Fic.  954-  —  Modem  types  of  Asteroidea  of  the  North  Atlantic.     A,  Brittle 
atu  {Ophiopkolis  MultiUo)i    B,  Basket  star-fish  {Gortonoctphalut  aioisuii) 


no.  955  a.  —  Setni-diagrammatic  cross  section  of  the  arm  o(  a  starfish.  The 
various  parts  represented  are  as  follows:  i,  ambulacral  plates;  i,  ad-ambula- 
cral  plates;  3,  moveable  spines  of  same;  4,  infra- marginal  plates  with  solid 
spines;  5,  supra- marginal  plates  with  solid  spines;  6,  dorsal  plates  with  solid 
spines;  7,  sessile  pedicellaria ;  S,  stalked  pedicellaria ;  9,  ampuUe  or  sacs 
of  the  water- vascular  system ;  10,  tube-feet  or  ambulacra ;  1 1,  radial  canal  of 
the  water-vasculu-  system ;  1 1,  connecting  canals  of  the  water-vascular  system ; 
13,  ectodermal  fleshy  layer  surrounding  the  entire  body  including  the  spines, 
pedicle  area  and  the  ambulacra;  14,  breathing  ve^cles  or  branchix;  15, body 
or  ccdom  (brachial  extensions  of  the  same)  ;  16,  endothelium  or  inner  lining  of 
the  body  cavity;  17,  extensions  of  Che  stomach  cavity  into  the  arms  (brachial 
diverticula  from  the  stomach);  18,  endodetmal  layer  of  the  stomach  branches; 
19,  supporting  mesenteries  of  the  stomach  branches;  20,  gonads  or  reproduc- 
tive branches  (ovarium) ;  11,  ova;  22,  nerve  ridge  of  apical  nervous  system ; 
33,  ndial  nerve  ridge  of  the  superficial  oral  system;  34,  continuation  of  the 
udal  organ  in  the  arm.     (Original.) 
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fused  with  the  respiratory  pores  on  one  side  as  in  Pentremites.  The 
name  btastoid  refers  to  the  bud-like  appearance  of  some  forms 
(Pentremites,  etc.)-    Cystoids  and  blastoids  are  restricted  to  the 


Fic.  955  b.  —  Diagram  of  a  fevr  of  the  ambulacral  plates  of  a  Btarfiah  arm 
Been  from  below  to  show  Ihcii  arrangement  and  tlie  manner  in  which  adj(Hn- 
bg  plates  are  grooved  to  make  the  ambulacral  pores,  for  the  extension  of  the 
tubed  feet.     (Original.) 

Palaeozoic.  Crinoids  continue  to  the  present  time,  but  are  to-day 
mostly  found  in  deep  water.  In  the  Palaeozoic  they  probably 
lived  in  shallow  water. 

AsUroidea  and  Ophiuroidea.  —  These  comprise  the  starfish  (Fig. 
933)  and  the  brittle  stars  (Fig.  954  a).  They  are  characterized  by 
five  arms  or  rays  (which,  by  branching,  in  some  of  the  latter  groups 
may  become  multiple,  Fig.  9546}.   The  upper  side  is  rendered  firm  by 


Fis.  956.  —  Slnmiyhctntnlus  drebaehitnsii,  the  common  sea-uichin  of  the 
North  Atlantic,  top  view. 

plates  or  a  network  of  rods  embedded  in  the  skin,  while  the  under 
side  of  each  ray  is  characterized  by  an  ambulacral  area,  consisting 
of  rows  of  small  plates  placed  side  by  side  with  grooves  between, 
through  which  delicate  tubes  terminating  in  sucking  disks  (the 
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ambulacra)  project,  by  means  of  which  the  animal  holds  fast  in 
walking  (Figs.  psS  "1  ^)-  The  mouth  is  in  the  center  of  the  under 
side,  while  between  two  rays,  usually  on  the  upper  side,  is  a  porous 
body  (madreporic  body)  which  admits  water  to  a  complex  system 
of  internal  tubes,  which  finally  terminate  in  the  sucking  feet  or 


Fig.  957.  — The  shell  or  coromt  of  a  sea-urchin  (Eckiniu),  broken  open  so 
u  to  show  the  mterioT  with  the  dental  apparatus  (Aristotle's  laDtern)  in 
l^acc,  and  showing  the  BTTangement  of  the  pbtes. 

ambulacra.  This  entire  system  is  called  the  water-vascular  sys- 
tem, and  serves  for  respiration  and  locomotion  in  typical  starfish. 
Echinoidea.  —  The  echinoids  (Fig.  956)  or  sea-urchins  build  a 
solid  structure  (corona)  of  plates  of  subspherical,  somewhat  disk- 
shaped  or  elongate,  and  variously  modified,  form.  Ten  meridional 
zones  of  plates  are  recognizable,  passing  from  the  mouth-opening 


Fig.  9580.  —  A  Cretaceous  echinoid,  Bemkidaris  trtnularis;  top  and  side 
view,  {a,  mamellar  knobs  marking  place  of  attachment  of  the  movable 
spines,  wliich  have  all  been  detached  in  the  specimen  shown.) 

on  the  under  side  to  the  top  of  the  corona,  where  the  anal  opening 
is  situated  in  the  regular  forms.  In  the  majority  of  regular  echinoids 
each  zone  is  composed  of  two  columns  of  plates  placed  alternately 
in  position  with  a  zigzag  junction  between  the  two  colunms  (Fig. 
957).  Each  alternate  zone  has  its  plates  pierced  by  two  or  more 
holes,  through  which  long,  slender  ambulacra,  like  those  of  the  star- 
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fish,  project.  These  are  the  ambulacral  zones.  In  alternate  zones 
(interambulacral)  the  plates  bear  movable  spines,  each  set  npon  a 
knob  or  sfnne  boss  (Figs.  9580,6).  The  mouth 
is  supplied  with  a  complicated  dental  apparatus 
(Aristotle's  lantern,  Fig.  959),  and  around  the 
upper  (anal)  end  there  are  ten  plates,  alter- 
nately with  large  and  with  small  pores  (Fig.  960). 
Five  of  these  are  eye  plates,  the  pores  being 
furnished  with  pigment  masses  which  react  to 
light,  and  five  are  genital  plates,  the  pores 
serving  for  the  emission  of  the  reproductive 
products.  In  the  late  Palaeozoic  echinoids  the 
zones  consisted  generally  of  more  than  two 
columns,  often  ten  or  more,  and  the  junction  of 
the  plates  was  commonly  less  rigid  than  in  later  types,  so  that 
the  original  form  is  often  distorted  in  the  sediments  (Fig.  961). 
In  the  Mesozoic  and  younger  deposits,  many  "  irregular  "  echinoids 
occur.  The  simplest  of  these  still  have  the  mouth  in  the  cen- 
ter of  the  under  side,  but  the  anus  is  no  longer  at  the  top,  having 


Fic.  9s8i.  —  An 
echinoid  spine  from 

Cidaris  tfandiferus ; 
natural  size. 


Fic,  959-  —  Dental  apparatus, "  Aristotle's  lantern,"  ot  a  sea-urchin  {Sphare- 
ckiniis).  A,  View  of  the  Hat  upper  surface,  showing  the  supporting  pyramidal 
plates  (0)  and  connections  (ft,  r,  e,  iw,  1).  B,  C,  Half-pyramids  seen  sidewise 
and  from  within,  showing  lateral  wings  (a),  one  of  the  five  enameled  teeth 
(6),  and  one  of  the  connecting  processes  (f).  For  position  of  tie  dental  ap- 
paratus in  the  shell,  see  Fig.  957.     (From  Zitlel,  GrundzHge.) 

moved  along  a  line  which  marks  the  median  axis  and  the  direc- 
tion of  elongation  of  the  corona  (Fig.  962).  Here,  then,  bilateral 
symmetry  is  strongly  marked  and  is  further  emphasized  in  some 
forms  by  the  forward  movement  of  the  mouth  along  the  same  line 
and  by  the  form  of  the  test  as  a  whole  (Fig.  963).  In  these  more 
specialized  types,  which  range  from  flattened  disks  (sand-dollar) 
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Fig.  g6o.  —  Doisal  views  of  two  echinoids,  showing  the  apical  systems  of 
pUtes  and  the  anal  openings.  A,  Acrosokriia  sinoia,  Junssic;  B,  Salenia 
fnslensii.  Cretaceous  (d,  anal  aperture;  x,  central  plate;  e,  eye  (ocular) 
plates;  {,  genital  plates;  g',  madreporic  body).  The  arrows  mark  the  planes 
of  symmetry.    (From  SteinmaiiD.) 


Fic.  961  — A  PalKOzoic  sea  urchin  {MAmtiet  mtJtiporui)  Mississippian 
(St.  Louis  Imiestone)  Missoun.  The  details  of  an  ambuUcial  (a)  and  an 
inter-ambulacial  (b)  area  are  shown  in  the  u[^r  figure 
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to  heart-shaped  form,  the  pores  in  the  pUtes  of  the  ambulacral  zone 
are  generally  restricted  to  the  upper  side,  while  the  spines  are 
mostly  small  and  slender. 


Fig.  963.  —  Upper  Cretaceous  echinoid  {HemiailrT  meslei),  CeDomftnian, 
Algiers.  A,  from  above;  B,  from  below  (a,  anus;  omb,  anterior  ambulac- 
rum 1  /,  lateral  fascioles;  si,  sternum).    (After  v.  Stromer.) 


Flo.  964.  —  A  modem  holothurian  {Cucumaria  crocta),  mth  its  young   at- 
tached to  its  skin.    (CbaUeoger.) 
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BoloHturotdea  — In  the  holothunans  or  sea-cucumbers  ^Figs. 
964-966)  which  range  from  sausage  to  foot-ball  form,  the  plates 
in  the  skio  are  not  in  juxtaposition  but  separately  embedded.  On 


Ftc.  966.  —  A  modem  holothu- 
rian  {Synapla  inliarem). 
plete    snimel;     b-e,    celcsieous 
Fio.  965.  —  A  modern  bolothuruui        particles  and  plates  of  S.  btssclii, 
iLopkolhuria  fabrkii).  enlarged.    (After  Beck.) 

the  death  of  the  animal  they  separate,  and  are  generally  included 
in  a  scattered  condition  in  the  sediment  (Fig.  966). 

Vertebrata.  — These  include  the  ostracoderms  (extinct  fish-like  ani- 
mals with  their  bodies  covered  by  plates,  Fig.  967)  and  fish  (Figs. 


Fig.  967.  —  A  Devonian  annored  fisb-like  ostTacoderm,  Plerickthyt  comulus, 
mtored.  Old  Red  Sandstone,  Scotland.  A,  dorsal  aspect;  B,  lateral  view 
of  tuL 

P,  doml  bn;  K,  head;  O,  unpaired  (orbital}  opening;  R,  paddles;  /,  medun 
Kales;  M,  poUerioT dorao-lalerai  plate ;  *«,  posterior  dorso-median  plate;  i<,  anterior 
dono-laten][d«le;  Mi.uitefkirdocaa-niedian  plate,     (From  Steinmann.) 
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969-971  b)  as  the  typical  aquatic  members,  the  latter  occupying  both 
fresh  and  salt  water  at  the  present  time,  but  a^qtarently  confined 
to  fresh  water  in  the  earlier  Palaeozoic,  as  were  the  ostracoderms. 


Fic.  968.  — A  Devoman  armored  fish  or  arthrodire,  Coccotteus.    A,  Recwi- 
struction  (X  f). 

K,  he*d  :  H,  Dud  opraings;   md,  lower  jaw;   p,  parieUl;  e,  ocdpjtib;  tp,  epioti- 

cum;  Neck  TCgioD   (o,  ctrvicais;  s^  d^',  opercuk ;    jf,  movable  qiinr;   1-4,  dementi 

of  the  sbouldet  girdle  (c) :  k,  bostl  piate of  uterioi doraal  Gn) ;  ^dorul  Gn;  a,  support 

of  uia]  Gn ;  ■>.  ventral  fin.  attached  to  simple  pelvis ;   pf,  regioa  of  antaioi  ventral  fin. 

B,  upper  operculum  {off)  (X  A)-     (After  Steitmumi.) 

The  amphibians  usually  pass  their  youtMut  stagestn  water,  breathing 
by  means  of  gills  (tadpole  stage,  Fig.  972).  Some  forms  remain 
'  permanently  in  this  state,  but  others  (frogs,  salamanders)  leave 


Fig.  969.  —  The  modem  Polyflerus  o(  the  Nile.     (Reduced.) 


the  water  when  adultand  breathe  by  means  of  lungs.  The  extinct 
order  of  Stegocephalia  included  some  of  the  largest  animals  of  this 
group.    They  ranged  from  the  Mississippian  to  the  Triassic    The 


Fic-  9700. — The'modem  mud-fish  (Epiceralodtis  forsUri)  of  the  rivers  of 
Tasmania.    -^  natural  size.    (After  Glinther.) 

first  fossU  skeleton  of  an  amphibian  was  found  in  the  Upper  Miocene 
fresh-water  deposits  of  Oeningen  in  Baden,  and  was  described 
by  the  mathematician  and  medical  practitioner,  Johann  Jakob 
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Scheuchzer  in  1796  as  "  the  sorrowful  skeleton  of  an  old  sinner  " 
a  homo  diltmi  testis,  witness  of  the  deluge  In  Noah's  time.  Cuvier 
recognized  it  as  the  skeleton  of  a  giant  salamander  (Fig.  973). 


Fifl.  97oi.— The  skull  of  EpictroMus  forsUri,  xta  from  below,  witb  teeth 
in  place;  naturaJ  uie.  (After  GUntber.)  b.  Tooth  of  Ctratodui  ruminalui, 
Triassic  of  Wuntemberg.    f  natural  size.    (After  Zittel.) 

The  reptiles  are  cold-blooded,  four-legged  vertebrates  which  usu- 
ally develop  f nmi  eggs  as  do  birds,  and  breathe  by  lungs  throughout 


life.  The  body  is  covered  with  scales  or  plates  instead  of  hair. 
Among  the  living  types  are  the  crocodiles,  turtles,  lizards,  and 
snakes,  and  among  the  extinct  types  the  rhynchocephalians  (beak- 
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headed   reptiles)  with  one  living  representative  (Hatterio),  tlie 
tberomorphs  (beast-like  reptiles),  plesiosaurs,   ichthyosaurs  (fisln 


Fig.  973.  —  The  life  history  of  the  fmg.  (After  Thompson.)  The  fertilized 
eggs  are  shown  among  the  seaweeii.  As  the  larva  develops  it  feeds  first  on  its 
own  yolk  (large  round  mass  at  left  of  illusLration),  then  as  it  develops  into  the 
tadpole  stage  it  feeds  on  plants  and  small  animals.  The  tadpole  at  first  has 
gills  and  a  &sfa-like  appearance ;  the  gills  are  absorbed  and  lungs  became  active ; 
hind  legs  appear;  the  tail  is  absorbed  into  the  body  and  finally  the  metamor- 
phosis is  complete  and  the  frog  emerges  on  land  as  a  four-footed  air-breather. 

like  reptiles),  dinosaurs  (terrible  land  reptiles),  and  pterosaurs 
(flying  reptiles).  These  will  be  more  fully  described  in  connection 
with  the  periods  in  which  they  lived. 
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Birds  are  wann-blooded,  air-breathing  animals  which  have  their 
anterior  limbs  modified  into  organs  of  flight  (wings)  and  their  bodies 


^G'973- — i4ndniM  jcteuctem.  Upper  Miocene, Oeniiigen,  Baden.  (Scheuch- 
zer's  origiiiBlO  Veotral  ude,  Cuvier's  piepaiatioD.  (^  natural  aiw ;  after 
Kttd.) 

covered  with  feathers.    They  reproduce  from  eggs.    The  oldest 
known  bird  {Archaopteryx,  of  the  Juras^c,  Fig.  1639)  was  very 


Fio.  Q74.  —  Kakl  a.  von  ZnTEL  (1839-1904).  The  "  Father  "  of  modem 
paleontology.  Author  of  the  leading  reCerence  and  textbooks  in  the  sdence 
and  <rf  many  important  monogtaphs. 

reptile-like,  and  there  is  every  reason  for  believing  that  birds  are 
derived  from  reptilian  ancestors.  In  the  Mesozoic  era  birds  had 
teeth,  but  these  are  absent  in  the  modem  types. 
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Mammals  are  four-limbed,  warm-blooded,  air-breathing  animals 
which,  with  the  exception  of  a  few  lowly  t)rpes,  bring  forth  their 
yoimg  alive.  The  body  is  covered  with  hair  and  the  teeth  are  dif- 
ferentiated into  i^ncisors,  canines,  premolars,  and  molars.  There 
are  also  many  other  anatomical  features  which  distinguish  mam- 
mals from  other  vertebrates.  Mammals  first  appeared  in  the  later 
Mesozoic  and  in  Tertiary  time  and  became  the  dominant  form 
of  life.  Man,  the  highest  mammal,  appeared  toward  the  close  of 
the  Tertiary. 
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CHAPTER  XXVra 

THB  BEGINNINGS  OF  EARTH  HISTORY 

We  are  now  prepared  to  consider  in  outline  the  successive  stages 
in  the  development  of  our  earth,  and  to  note  the  progress  of  life 
upon  it  as  this  is  revealed  to  us  by  the  fossils  preserved  in  the  rocks. 
Where  and  how  life  began  upon  this  earth,  whether  it  originated 
here  from  inorganic  matter,  as  some  hold,  or  was  brought  to  the 
earth  from  some  other  planet,  is  at  present  a  subject  for  speculation. 
There  may  have  been  a  period  when  the  earth  was  without  life, 
that  is,~in  an  azoic  condition,  but  it  is  certain  that  the  higher  forms 
of  life,  as  we  know  them,  could  not  appear  imtil  the  earth  had  an 
atmosphere  capable  of  maintaining  them.  Nevertheless,  there  are 
lowly  organisms,  such  as  some  bacteria,  which  can  exist  where 
atmospheric  air  is  excluded  (anaerobic),  and  forms  of  this  type  may 
have  exbted  upon  the  earth  in  the  earliest  times. 

Our  earth  is  one  of  the  planets  of  a  particular  solar  system,  and 
there  are  many  such  solar  systems  in  the  universe.  The  develop- 
ment of  these  systems  and  of  the  individual  planets  In  them  is 
astronomical  history,  and  before  the  geological  history  of  our 
earth  began  thece  was  a  long  period  of  time  the  history  of  which 
properly  belongs  to  the  domain  of  astronomy.  Nevertheless, 
it  seems  desirable  to  give  a  brief  outline  of  it  so  far  as  our  earth  is 
concerned. 

The  geological  history  of  the  earth  began  when  the  forces  of 
construction,  destruction,  and  reconstruction,  which  are  now 
operative,  first  came  into  play :  in  other  words,  when  the  earth's 
solid  framework  was  established  and  it  had  received  its  atmosphere 
and  its  ocesLn  waters.  It  was  at  this  period  that  the  development 
and  differentiation  of  life  took  place,  though  it  is  not  possible 
to  correlate  the  beginnings  of  organic  evolution  with  the  begin- 
nings of  the  geological  history  of  the  earth. 

A  broad  view  of  geological  history  enables  us  to  recognize  three 
great  outstanding  developmental  periods,  the  pre-Palaeozoic,  the 
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Palaeozoic,  and  the  post-Palaeozoic.  The  base  of  the  Palaeotoic, 
as  generally  recognized  (the  Cambrian),  forms  a  natural  line  of 
demarkation  from  which  we  can  carry  our  studies  downward 
into  the  oldest  rocks  of  the  earth,  and  those  studies  have  al- 
ready revealed  a  succession  of  developmental  stages  which,  in 
the  aggregate,  appear  to  have  occupied  a  time  interval  far  ex- 
ceeding in  length  that  of  Palaeozoic  and  post-Palaeozoic  time  com- 
bined. Nevertheless,  the  studies  of  the  pre-Palaeozoic  rocks  and 
the  history  which  they  record  have  only  been  begun,  and  at  present 
we  can  devote  only  a  single  chapter  to  their  discussion.  As 
geological  investigation  progresses,  this  portion  of  the  earth's 
history  will  become  more  fully  revealed,  and  in  the  future  it  will 
be  necessary  to  pay  increased  attention  to  it. 

The  Palaeozoic  portion  of  the  earth's  history,  on  the  other  hand, 
has  become  known  with  some  degree  of  fullness,  although  we  are 
far  from  having  deciphered  it  in  its  completeness.  Its  record  is 
most  completely  preserved  in  the  rocks  of  North  America,  and 
it  is  primarily  by  the  labors  of  geologists  in  this  field  that  this 
history  has  been  uncovered.  From  what  has  become  known  so 
far,  we  begin  to  realize  that  the  Palaeozoic  era  of  the  earth's  his- 
tory was  unique.  Physical  conditions,  vastly  different  from  those 
found  to-day,  existed  at  that  time,  and  although  the  life  of  the 
era  was  developed  from  the  survivors  of  the  preceding  one,  and 
furnished  survivors  from  which  the  organic  world  of  the  next 
younger  eras  was  developed,  yet,  on  the  whole,  the  organisms  of 
the  Palaeozoic  were  peculiar  to  it  and  their  history  constituted  a 
dosed  or  almost  closed  chapter  in  the  life  record  of  the  earth. 
Not  so  with  the  succeeding  post-Palaeozoic  or  Neozoic  time,  in  the 
latter  part  of  which  we  ourselves  exist.  For  although  this  por- 
tion is  divisible  into  Mesozoic,  Cenozoic,  and  Psychozoic  eris, 
these  appear  to  form  a  connected  sequence,  and  the  essential 
physical  conditions  which  govern  the  development  of  the  earth 
at  the  present  time  came  into  existence  at  the  opening  of  the 
Mesozoic.  It  is  true  that  there  were  many  changes  in  the  dis- 
tribution of  land  and  water  and  of  climate  as  well,  yet  none  of 
these  changes  appear  to  be  as  marked  as  were  those  which  closed 
the  pre-Palaeozoic  or  the  Palaeozoic  eras.  Nor  was  the  change 
in  the  character  of  the  life  as  pronounced  at  any  time  as  it  was  at 
the  end  of  the  Palaeozoic.  True,  whole  dynasties,  such  as  those  of 
the  dinosaurs,  of  the  ammonoids,  etc.,  arose  in  the  Mesozoic  and 
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disappeared  at  its  dose  with  surprising  abruptness.  Also,  the 
ancestors  of  many  Mesozoic  forms  are  found  in  the  later  Pakeo- 
zoic.  Nevertheless,  the  change  from  Mesozoic  to  Cenozoic  time 
is,  on  the  whole,  less  abrupt  than  that  which  took  place  at  the 
end  of  the  Palaeozoic.  These  facts  will  appear  more  fully  as 
we  proceed.  Before  entering  upon  this  discussion,  however,  we 
must  briefly  outline  the  pre-geological  history  of  the  earth. 


CHAPTER  XXIX 

THE  PRE-GEOLOGICAL  STAGES  OF   EARTH    HISTORY 

Although  many  theories  of  the  origin  of  our  earth  have  been 
proposed,  and  some  stoutly  defended,  only  one  has,  until  recent 
times,  received  universal  recognition  from  astronomers,  physicists, 
and  geologists.  This  is  the  Nebular  Theory  of  the  earth's  origin,  first 
proposed  in  1755  by  Emanuel  Kant,  professor  of  mathematics  and 
physical  geography  in  Konigsberg  University,  and  independently 
developed  in  1796  by  Laplace  in  France,  and  amplified  and  modified 
by  him  in  1824.  At  present,  a  totally  different  hypothesis, 
^  the  PUmetesimal  Theory ,  threatens  to  replace  it,  and  has  already 

been  H^Hed  as  a  more  rational  explanation  of  the  origin  of  the 

Ih  by  the  majority  of  geologists  and  not  a  few  astronomers  and 

lysicists  as  well.    We  may  briefly  contrast  these  two  theories. 

lEssentials  of  the  Nebular  Hypothesis.  —  This  hypothesis  as- 
sumes that  the  substance  of  which  the  sun,  the  earth,  and  the  other 
planets  of  our  solar  system  are  composed  was  originally  diffused 
in  space  over  an  area  extending  beyond  the  orbit  of  the  outermost 
planet  (Neptune)  of  our  solar  system,  or  over  a  radius  of  more  than 
2,800,000,000  miles  from  the  sim.  This  material  was,  of  course, 
in  a  state  of  immense  attenuation,  constituting  a  nebula  or  luminous 
cloud  of  vapory  matter,  of  the  type  now  found  in  the  heavens,  and 
of  which  that  of  Andromeda,  visible  only  on  the  clearest  nights, 
has  a  diameter  hundreds  of  thousands  of  times  greater  than  the 
distance  from  the  earth  to  the  sun.  Only  one  other  nebula,  that 
of  Orion,  is  visible  to  the  unaided  eye,  but  the  telescope  shows 
the  presence  of  more  than  a  hundred  thousand  of  them,  and  that 
is  regarded  by  astronomers  as  only  a  fraction  of  those  actually 
existing  at  the  present  time. 

The  nebula  from  which  it  was  assumed  that  our  solar  system 
had  been  derived  was  thought  to  have  been  in  a  highly  heated 
state,  and  to  have  revolved  around  the  central  nucleus,  the  present 
sim,  assuming  a  disk-like  form.     Condensation,  in  the  course  of 
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time,  brought  about  the  separation  of  a  series  of  rings  analogous 
to  the  rings  of  Saturn  (Fig.  975),  and  these,  rupturing  and  each 
oindensing  about  a  nucleus,  would,  in  turn,  form  the  planets. 
These  planets,  at  first  themselves  large  masses  of  attenuated  sub- 
stance, gave  oS  equatorial  rings,  which,  in  turn,  ruptured  and 
segregated  to  fonn  the  satellites  of  the  planets,  this  being  the  origin 
of  our  moon.  In  one  case,  however,  the  rupturing  of  the  ring 
gave  rise  not  to  a  single  large  planet,  but  to  a  vast  number  of 
minor  planets  or  planetoids  which  revolve  around  the  sun  as  a 
unit,  forming  the  asteroids  of  our  solar  system. 

The  earth,  according  to  this  hypothesis,  was  thus  at  first  in  a 
.gaseous  state,  from  which,  by  condensation,  a  liquid  and  fimtUy 


Flo.  97$.  — The  plaaet  Saturn  and  its  rings. 

a  solid  state  was  produced,  at  which  point  the  geological  history 
commences.  At  first,  all  the  water  now  upon  the  earth  was  held 
in  a  state  of  vapcu*  in  the  atmosphere,  which  was  then  dense  and 
hot  and  contained,  moreover,  many  of  the  gases  which  have  since 
united  with  other  elements  in  the  formation  of  rocks.  Cooling 
gradually,  many  of  the  gases  and  the  water  were  finally  separated 
out  of  the  atmosphere,  and  the  oceans  came  into  existence.  These 
at  first  may  have  been  very  shallow  and  more  or  less  universally 
distributed  over  the  earth,  but  they  became  concentrated  into 
separate  basins  as  the  crust  of  the  earth  began  to  assume  definite 
form.  The  original  crust  resulted  from  the  cooling  and  crystal- 
lization of  the  mineral  material  which  at  first  was  in  a  molten 
state,  these  original  rocks  bemg,  therefore,  of  an  igneous  type. 
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At  first  a  solid  layer  was  formed  over  a  still  molten  interior,  but 
the  breaking  of  this  crust  and  the  sinking  of  the  fragments  ab- 
stracted further  heat  from  the  interior,  and  eventually  the  earth 
became  a  solid  mass,  the  interior  of  which  is,  however,  still  highly 
heated.  The  moon,  according  to  this  hypothesis,  is  regarded  as 
a  dead  body,  having  cooled  completely,  as  a  result  of  which  all  the 
water,  and  the  atmosphere  as  well,  have  been  drawn  into  the  body 
of  the  moon,  leaving  the  surface  without  either,  and  hence  incapable 
of  supporting  life. 

Numerous  objections  have  been  advanced  to  this  theory,  espe- 
cially in  modem  times,  but  for  an  understanding  of  these  objec- 
tions the  student  must  have  a  knowledge  of  the  mechanics  of 
celestial  bodies  and  of  the  molecular  activities  of  gases. 

Planetesimal  Hypothesis.  —  The  great  majority  of  nebulae  in 
the  heavens  to-day  are  of  a  spiral  type,  with  two  dominant  arms 
that  arise  from  diametrically  opposite  sides  of  the  nucleus  and 
curve  concentrically  away  (Fig.  976).  Often  there  are  more  than 
two  arms.  In  the  outer  part,  and  throughout  the  mass,  but  more 
especially  on  the  arms,  are  knots  of  nebulous  matter  which  represent 
greater  condensation.  It  is  around  these  knots  as  nuclei  that 
further  concentration  takes  place,  according  to  this  theory  of 
planetary  origin,  but  this  concentration  takes  place  by  collision 
of  numerous  small  particles,  the  planetesimals  or  little  planets,  of 
which  the  nebula  is  composed.  By  their  gravitative  force  the 
nuclei  would  be  able  to  retain  the  matter  colliding  with  them  and  so 
become  built  up  into  planets,  each  clearing  a  zone  around  it  of 
the  planetesimals  by  ingathering,  as  it  were.  Thus  the  planet 
grows  by  accretion  of  solid  material  from  without. 

While  the  earth  was  still  small,  it  was  unable  to  hold  the  water 
vapor  and  other  gases,  which  passed  off  into  space.  But  with 
increasing  size  its  attractive  force  became  sufficient  to  retain  at 
first  the  heavier  gases,  such  as  water  vapor  and  carbon  dioxide, 
and  later  the  gases  which  form  its  atmosphere.  The  moon,  ac- 
cording to  this  hypothesis,  was  never  a  part  of  the  earth,  but 
originated  from  a  separate  nucleus  with  essentially  its  present 
position  with  reference  to  the  earth.  The  moon  nucleus,  being 
much  smaller,  attracted  less  matter  and  so  never  reached  the 
size  of  the  earth.  All  gases  and  vapors  expelled  as  the  restilt  of 
the  ingathering  of  the  planetesimals  became  diffused  in  space 
because,  on  account  of  its  small  size,  the  moon  was  unable  to 
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when  the  first  record  of  abundant  and  diversified  life  was  made. 
The  earliest  Cambrian  rocks  are  highly  fossiliferous,  abounding 
in  organic  remains  which  are,  with  few  exceptions,  the  visible 
record  of  the  most  primitive  life  known  to  us.  The  rocks  below 
the  Cambrian,  that  is,  the  pre-Cambrian  strata,  are  almost  or 
wholly  devoid  of  fossils.  This  does  not  mean  that  life  did  not 
exist  in  pre-Cambrian  time  —  indeed,  we  know  that  it  did  —  but 
only  that  few  or  no  traces  of  it  have  been  preserved  in  the  rocks. 
Not  only  is  there  this  abrupt  expansion  in  the  life  record,  but  also 
a  decided  lithological  break,  emphasized  usually  by  a  structural 
unconformity  which  indicates  that  profound  changes  in  the  face 
of  the  earth  took  place  before  the  deposition  of  the  oldest  Paleo- 
zoic strata.  From  the  beginning  of  the  Cambrian  to  the  present 
we  may  measure  time  by  the  progress  of  life,  and  we  may  divide 
it  into  periods  of  relative  lengths  and  may  even  attempt  to  express 
their  duration  in  terms  of  millions  of  years.  We  have,  however, 
few  criteria  for  measuring  time  before  the  Cambrian,  and  there  is 
even  great  difficulty  in  correlating  the  pre-Cambrian  rocks  without 
the  aid  of  fossils.  Nevertheless,  from  certain  lines  of  evidence,  it 
seems  that  the  length  of  time  preceding  the  opening  of  the  Palaeo- 
zoic was  as  great  as,  if  not  greater  than,  all  the  time  which  has 
elapsed  since  then.  Considering  these  various  facts,  it  seems 
most  logical  and  convenient  to  reckon  geological  time  from  the 
base  of  the  Palaeozoic,  taking  that  as  the  great  datum  plane  from 
which  to  work  upward  and  downward  in  the  rocks,  and  forward 
and  backwards  in  chronological  events.  . 

Character  of  the  Basal  PALiEOZOic  Contact 

The  base  of  the  Palaeozoic,  from  which  the  student  of  the  older 
rocks  must  proceed  downward,  is  preceded,  in  nearly  all  cases  where 
it  is  known,  by  a  pronounced  unconformity  (more  rarely  a  dis- 
conformity),  in  the  majority  of  sections  the  underlying  rock 
having  a  smooth,  well-eroded  surface,  approaching  sometimes  a 
perfect  plane.  Moreover,  these  older  rocks  are  generally  highly 
metamorphosed,  and  as  the  overlying  Palaeozoic  beds  have  not 
suffered  such  metamorphism,  it  is  apparent  that  the  former  were 
metamorphosed  and  then  subjected  to  prolonged  erosion  before 
the  Palaeozoic  sediments  were  deposited  upon  that  erosion  sur- 
face. If  the.  older  rocks  had  been  metamorphosed  as  the  result 
of  deep  burial  by  Palaeozoic  sediments,  we  could  not  expect  such  a 


Fio.  g77.  —  Contact  between  pie-Cambrkn  and  Potsdam  sandstone,  south 
of  Hammond,  St.  Lawrence  County,  New  Yotk.  (By  coiutesy  of  New  York 
State  Museum,  John  M.  CUrkc,  Diiectoi.) 


Fig.  Q7S.  —  Detail  of  contact  of  nearly  horizontal  Potsdam  sandstmie  upcm 
somewhat  contorted  layers  of  Gienville  quartzite,  dipping  from  io°  to  36', 
kioking  west.  Taken  at  a  distance  of  4  feet,  the  notebook  on  the  lontacL 
One  mile  southeast  of  Redwood,  Jederson  Co.,  New  York.  (H,  N.  Eaton, 
photo,  1908.     Courtesy  New  York  State  Museum,  John  M.  Clarke,  Director.) 
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sharp  line  of  contact  at  the  base ;  and  moreover,  the  lower  portion 
of  the  Palaeozoic  rocks  should  show  metamorphism  in  decreasing 
intensity  upward. 

Tjrpiad  Sections  Showing  Contact  —  The  following  sections  may 
serve  as  illustrations  of  the  contact  between  the  basal  Palaeozoic 
and  the  miderlying  basement  rocks.  In  the  Adirondacks,  a  more  or 
less  pure  quartz-sandstone,  the  Potsdam,  lies  directly  upon  the  old 
gneisses,  etc.,  the  line  of  contact  beii^  sharp,  and  often  with  basal 
pebble  beds  in  the  sandstone  immediately  overlyii^.  The  age  of 
the  Potsdam  sandstone  is  uiq>ermost  Cambrjan,  grading  upward  into 


FlO.  979-  —  Upper  Cumbrian  or  basal  Ordovidao  limestone  retting 
unconfonnably  on  gneiss.     WiUiams  CftBon,  Colorado. 


a  dolomitic  limestone  (Figs.  977,  978).  In  Canada,  north  of  Lake 
Ontario,  another  basal  quartz-sandstone  rests  upon  the  crystallines, 
with  a  smooth,  sharp  contact.  It  is  followed  by  Middle  or  eariy 
U;^r  Ordovidan  limestones  (Trenton,  etc.).  On  the  flanks  of 
Pikes  Peak  in  Colorado,  a  pure  quartz-sandstone  rests  directly 
and  sharply  upon  the  granite,  with  an  erosion  surface  on  the  latter 
of  remarkable  smoothness  and  very  little  variation  (Fig.  979). 
This  sandstone  grades  upward  into  fossiliferous  limestones  of 
latest  Cambrian  and  earliest  Ordovidan  age.  A  similar  contact  is 
shown  in  the  Black  Hills  (Fig.  980).  In  the  Ozark  Mountains  of 
Missouri,  a  fossiliferous  quarts-sandstone  of  late  Middle,  or  early 
Upper,  Cambrian  age  rests  upon  the  old  erosion  suriace.  It  's 
also  succeeded  upwards  by  limestones.     In  central  Texas,  C 
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brioD  sandstone  rests  unconformably  on   older  rock  (Fig.  981). 

On  the  shores  of  Lake  Superior  in  northern  Michigan,  the  basal 
contact  between  the  early  Pabeozoic  sand- 
stone and  the  crystallines  is  diversified  by 
the  presence  of  numerous  large,  well- 
rounded  boulders  which  rest  upon  the 
eroded  surface  of  the  crystalline  rock  and 
were  evidently  broken  from  a  neighboring 
cliff  in  pre-Palseozoic  time  (Fig.  982). 
Similar  conditions  are  seen  in  Wisconsin 
(Figs.  983,  984).  Near  Franklin  Furnace, 
New  Jersey,  a  fossiliferous  quartz-sand- 
stone of  Lower  Cambrian  age  rests  directly 
upon  the  eroded  surface  of  the  gneiss  and 
is  conformably  succeeded  upward  by  a 
great  limestone  series.  In  southern 
Sweden,  a  basal  sandstone  of  pure  quartz, 
often  with  wind-carved  pebbles  {Drei- 
kanter),  rests  upon  a  slightly  weathered 
granite  surface  which  is  smooth  and  con- 
tinuous. It  is  succeeded  upward  by  fossil- 
iferous limestones  or  shales. 
These  are  a  few  of  many  examples  that 


Fio.  980.  —  Section  o 
Lower  French  Creek, 
Black  Hills,  South  Da- 
kota. Archcan  rocks  illustrate  the  general  character  of  the  con< 
unconformably  overlain  tact  between  the  basal  Palffiozoic  and  the 
(After^N^wton.?*"'^'^  o'^*""  ««='^-  It  «^  ^c  observed  that  the 
age  of  the  basal  sandstone  is  not  always 
the  same.  In  some  sections  it  is  Lower  Cambrian,  in  others 
Middle,  and   in  still  others  Upper  Cambrian,  while  finally  in 


Fic.  9S1   —  Section  of  Packsaddle  Mountain  Texas      Showing  inclined  AlgOD- 
kian  beds  unconformably  overlain  b>  Upper  Cambrian     (After  Walcott.) 

some  sections,  —  as  in  Canada,  —  it  is  of  Ordovician  age.    Tlus 
indicates  overlapping  of  formations  deposited  by  a  transgressing 
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s**  Ip  SS6>  Pt  I)i  t>ut  the  overlapping  is  not  thereby  shown  to 
be  a  continuous  one     This  will  be  more  fully  noted  later 


Fic  9S1  — Section  near  Norway  Micbigan  showing  Potsdam  sandstone, 
lying  unconfonnably  on  ferruginous  scbist  and  ores  of  the  Huronian  iroo- 
beanng  series.    (After  Irving ) 


Fte  983  —  Contact  of  Huronian  quartate  and  Potsdam  sandstone      Baraboo 
River  near  AUeman  Wisconsin.    Scale  jo  feet  «  i  inch     (After  Irving ) 


F^C.  qSi-  —  Unconformity  between  Potsdam  sandstooe  and  Archxan 
gruite.     Granite  Point,  Wisconsin.     (After  Walcott.) 
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Pal>eogeographic  Significance  of  the  Basal  Contact  and 
OF  THE  Character  of  the  Early  Palaeozoic  Formations 
Including  the  Basal  Sandstone 

In  the  study  of  the  contact,  it  is  to  be  noted  that  in  North  America, 
at  least,  the  basal  sandstone  is  generally  followed  by  limestones, 
the  two,  as  a  rule,  intergrading.  If  the  quartz  of  the  sandstone  was 
the  product  of  the  disintegration  and  erosion  of  the  crystalline  rocks, 
as  it  undoubtedly  was,  we  may  ask  what  has  become  of  the  clay  and 
other  material  which  was  the  product  of  decomposition  of  jhe  feld- 
spars, etc.,  and  which  should  have  been  produced  in  bulk  equal  to  or 
greater  than  the  quartz  in  the  decomposition  of  the  crystallines.  It 
is  evident  that  if  the  old  land  surface  were  covered  with  the  product 
of  atmospheric  decay  of  the  crystalline  rocks,  the  sea,  creeping  up 
over  it,  would  assort  this  material,  separating  the  sand  as  a  shore- 
deposit  and  carrying  the  clay  out  to  deeper  water.  A  moment's 
reflection  will  show  that  in  such  a  case,  a  bed  of  clay-shale  should 
follow  the  basal  sands,  at  least  in  many  localities,  and  yet  this  is 
not  found,  limestones  alwa3rs  succeeding  the  sandstones. 

This  can  only  mean  that  the  advancing  Palaeozoic  sea  found 
the  suSace  of  the  oldland  covered  only  by  quartz-sand  and  that, 
moreover,  this  suriace  had  already  been  eroded  to  the  extent  now 
seen,  for  if  the  Palaeozoic  sea  had  performed  any  part  of  this  erosion, 
the  product,  including  the  clay,  should  be  found  among  the  deposits, 
but  this  is  not  the  case,  at  least  over  an  area  extending  from  the 
Adirondacks  to  the  Rocky  Mountains,  and  from  Canada  south  to 
Oklahoma  and  Texas.  But  as  the  evidence  of  erosion  of  the  old 
rock  is  clear,  and  as  the  quartz  of  the  basal  sand  could  have  been 
derived  from  no  other  source,  we  must  conclude  that  before  the 
advance  of  the  Cambrian  sea  over  much  of  North  America,  the 
products  of  disintegration  had  been  thoroughly  reworked  by  rivers 
and  by  wind,  and  the  fine  material  (clay,  etc.)  removed  to  a  dis- 
tant region.  This  would  imply  a  very  long  time  interval,  which  is 
represented  by  the  unconformity,  and  an  immeasurable  period  of 
exposure  of  the  pre-Palaeozoic  land  surface  to  the  atmospheric 
agencies  of  destruction.  While  this  is  the  usual  relationship  of  the 
Palaeozoic  and  pre-Palaeozoic  rocks  over  the  area  described,  there 
are  certain  sections  where  other  series  of  rocks  lie  between  the 
recognized  basal  Palaeozoic  and  the  oldest  crystallines.  These 
will  be  briefly  noted  in  the  succeeding  paragraphs. 
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Typical  Exposures  of  the  Pre-Cambrian  Rocks 

The  Western  Rocky  Mountain  Region 

The  Uinta  Quartzite  Series.  —  While  the  basal  Palaeozoic  sand-' 
stones  (Upper  Cambrian)  rest  directly  upon  the  old  crystalline 
rocks  in  the  Rocky  Mountain  Front  Range,  west  of  this,  especially 
in  Utah,  a  great  series  of  sandstones  with  some  conglomerates  and 
shales  underlies  the  lowest  recognized  fossiliferous  Cambrian  bed, 
and  in  some  localities  is  seen  to  rest  in  turn,  with  a  pronounced 
unconformity,  upon  the  older  crystalline  rocks.  In  a  general  way 
the  material  is  coarsest  and  thickest  in  the  eastern  exposures, 
reaching  14,000  feet  or  more  in  some  localities.  It  thins  westward, 
at  the  same  time  becoming  finer,  while  there  are  many  variations 
due  to  irregularities  of  the  old  surface  on  which  it  was  deposited. 
The  series  contains  no  fossils,  this  fact  and  the  thickness  and  general 
character  suggesting  that  it  is  a  continental,  probably  river-laid,  for- 
mation. It  constitutes  at  present  the  core  of  the  Uinta  Mountains, 
and  it  is  shown  in  parts  of  the  Wasatch  Range  as  well.  It  would 
seem  that. the  rivers  which  brought  this  material  came  from  the 
east,  from  a  high  land  in  the  region  of  the  present  Front  Range 
of  the  Rockies,  and  that  they  spread  the  sands  in  the  form  of  a  con- 
tinental deposit  or  series  of  alluvial  fans  over  an  area  which  may 
have  been  slowly  subsiding. 

Following  upon  this  in  a  disconf ormable  manner  is  the  basal 
Cambrian  series,  which  is  probably  not  older  at  any  point  than 
Middle  Cambrian.  This  indicates  that  the  old  alluvial  plain,  if 
such  it  is,  was  deposited  before  the  sea  advanced  over  this  area  in 
Middle  Cambrian  time,  but  whether  this  deposit  was  formed  dur- 
ing the  Lower  Cambrian  or  still  earlier  is  not  so  clear.  It  probably 
belongs,  in  part  at  least,  to  the  great  period  during  which  the 
continent  farther  east  was  undergoing  erosion  and  assorting  of  the 
products  of  rock  decay. 

The  6elt  Terrane.  —  A  similar  series  occurs  in  northwestern  Mon- 
tana, western  Idaho,  and  southeastern  British  Columbia ;  its  total 
thickness  aggregates  some  37,000  feet.  Because  of  its  fine  expos- 
ure in  the  Little  Belt  Mountains,  this  series  has  been  called  the  Belt 
Terrane.  Clay  and  other  mud-rocks  predominate  in  it,  and  here  we 
may  perhaps  recognize  some  of  the  day  which  was  removed  from 
the  eastern  r^on  during  the  period  of  exposure,  as  noted  above. 
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In  some  layers  of  this  rock  are  found  the  remains  of  a  merostome 
of  the  Euryplerus  type  (Beltina  danai.  Fig.  98511),  which  is 
believed  to  be  indicative  of  river  deposition.     In  the  eastern  ex- 


FlO.  9S5  a.  —  Bellina 
datiai   Walcott.     {X2.) 

An  appendage  with  two  Fig.  <)Ss  b.  —  Planolitts  conugatus    Walcott. 

large   basal   joints   and  (Natural  size.)     Exterior  cast  of  a  buirow  made 

two     smaller    terminal  by  medium  sized  annelid  in  ailicious  mud  now 

joints.     Greyson   shale,  forming  the  shales  CEurying  Beltina  datui  Wal- 

Montaoa.     (After  Wal-  cott,     (Greyson  shales,  near  Neihart,  Montana.) 

cott.)  (After  Walcott.) 

posures,  the  Belt  Terrane  contains  considerable  red  rock,  suggestive 
of  semi-arid  conditions.  Moreover,  these  rocks  abound  in  mud- 
cracks,  ripple-marks,  worm  burrows  (Fig.  985  b)  and  other  struc- 
tures indicative  of  shallow 
water  or  playa  conditions. 
Farther  west,  however, 
great  Umeatone  masses  ap- 
pear, crowded  with  spheri- 
cal structures,  apparently 
calcareous  algfe  of  lai^e 
size  {Figs,  986,  987). 
These  grew  either  in  great 
fresh-water  lakes  or  in 
lakes  of  intense  salinity, 
like  the  Great  Salt  Lake 
of  to-day.  There  appears 
Fig.  986.  —  Ntwiandia  conccntrka  Wal-  to  he  no  positive  indlca^ 
cott.  A  fosMl  nullipore  or  calcareous  alga  tion  of  the  presence  of  the 
from  the  Algonkian  (NewUnd  limestone),  „„  .  ,.  ■  „•  „,  ,i.„t 
Montana.    (After  Walcott.)  sea  m  this  region  at  that 

time.  Still  farther  west, 
sands  apparently  derived  from  the  west  replace  the  limestones, 
while  disconformably  overlying  these  deposits  are  rocks  of  Middle 
Cambrian  age. 
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It  must,  of  course,  be  understood  that  in  some  regions  these 
rocks  were  violently  disturbed  by  foldings  and  faultings  after  their 
formation,  and  that  it  is  only  by  drawing  a  series  of  columnar 
sections  at  different  localities,  and  arranging  them  in  geographic 
order,  that  the  condition  and  character  of  the  rocks  before  the  dis- 
turbance can  be  determined.  Then  it  appears  that  this  regioQ  was 
a  part  of  a  northwestwardly-extending  geosyncline  in  which  these 
deposits  were  formed.    The  formation  of  the  red  beds  in  the 


Fig.  9S7.  —  CoOtnia  undosa  Walcott.  A  section  of  a  sub-spherical  speci- 
meo  blowing  original  growth  as  a  dome  and  then  a  second  gcowth  that  ap- 
parently occurred  after  the  specimen  had  rolled  over.  (After  Walcott.)  Al- 
gonkiu)  (SpokaiK  shale),  Montana. 

eastern  part  of  the  series,  while  standing  waters,  either  salt  or 
fresh,  existed  in  the  central  part  of  the  geosyncline,  suggests  that 
this  r^on  was  under  the  influence  of  easterly  winds  which  left 
their  moisture  on  the  eastern  slopes  of  the  mountains  that  bordered 
the  geosyncline  on  the  east.  It  was  in  this  same  geosyncline 
that  the  alluvial  fan  deposits  of  Utah,  which  have  been  noted 
above,  were  formed. 

Grand  Ciiion  Series.  —  Farther  south  in  this  same  geosynclinal 
bdt,  we  meet  with  still  another  series  of  deposits  of  this  type  in 
northern  Arizona,  where  it  is  well  exposed  in  the  walls  of  the  Grand 
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Cafion  of  the  Colorado.  Resting  unconformably  upon  the  older 
cr3rstallmes  is  a  series  of  red  sandstones  and  dolomites  with  basaltic 
layers  both  at  the  base  and  at  the  top.  This  is  the  Unkar  forma- 
tion, and  it  is  followed  by  the  Ckuar  series,  which  begins  with  sandy 
shales  interbedded  with  thin  calcareous  layers  (about  3500  feet), 
followed  by  limestones  and  shales  which  pass  upwards  into  reddish 
brown  sandstones  (about  1500  feet).  The  entire  series  has  been 
slightly  tilted  and  again  eroded,  so  that  the  basal  Palaeozoic  beds 
which  are  here  o(  Upper  Cambrian  age  {TotUo  sandstone)  rest 
unconformably  upon  the  truncated  edges  of  this  series  or  upon  the 


Fig.  988.  —  Part  of  Grand  Cafion  section  showing  unconformable  contact 
of  Grand  Cafion  series  (G  C)  on  pre*Cambrian  and  the  unconformable  super- 
position of  the  Tonto  sandstone  on  both.     (After  Walcott.) 

older  beds  below  (Fig.  988).  In  spite  of  the  extensive  erosion  to 
which  this  series  was  subjected  before  the  advent  of  the  Upper 
Cambrian  sea,  there  still  remain  some  12,000  feet  of  strata. 

The  Lake  Superior  and  Other  Canadian  Regions 

The  Algonkian.  —  A  second  district  in  which  the  pre-Cambrian 
rocks  have  been  extensively  studied  includes  the  regions  south  of 
Lake  Superior  and  north  of  Lake  Huron.  On  the  Keweenaw 
Peninsula  of  Michigan  and  the  adjoining  region,  the  Upper  Cam- 
brian sandstones  are  preceded  by  a  great  series  of  conglomerates, 
coarse,  red  and  white  sandstones  with  interbedded  conglomerates, 
and  shale  with  some  thin  beds  of  limestone.  This  is  known  as  the 
Keweenawan  series.  The  sandstones  are  often  feldspathic,  in- 
dicating relatively  dry  climate,  as  do  also  the  red  color  of  the  shales 
and  the  mud-cracks  aboimding  in  them.  With  these  sediments 
occur  vast  sheets  of  basic  lavas  (basalts,  melaphyres,  etc.),  but 
also  some  rhyolitic  rocks.  Some  of  the  conglomerates  are  de- 
rived from  these  contemporaneous  igneous  rocks.  These  lavas 
carry  the  silver  ore  and  native  copper  which  have  made  the  region 
of  such  great  economic  importance.  Lavas  of  the  same  age  are 
also  believed  to  be  responsible  for  the  great  nickel  and  copper 
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deposits  of  Sudbury,  Ontario,  and  the  silver  of  the  Cobalt  region, 
where  the  lava  forms  a  great  diabase  sill  or  intruded  sheet  in  the 
older  Cobalt  conglomerates.  Cobalt,  gold,  platinum,  etc.,  were 
also  brought  by  this  lava  or  the  attendant  gases  and  vapors  into 
this  portion  of  the  earth's  crust. 

Below  the  Keweenawan  lies  a  still  older  series  of  sediments  which 
is  now  found  in  a  nimiber  of  isolated  areas  scattered  over  the 
Canadian  shield  and  extending  far  into  the  Arctic  regions.  This  is 
called  the  Animiki  series,  and  it  is  of  special  economic  significance 
because  it  carries  everywhere  great  deposits  of  iron  ore,  which  in 
places  may  reach  a  thickness  of  1000  feet. 

The  Animikian  strata  are  still  for  the  most  part  horizontal,  and 
in  the  various  erosion  remnants  the  thickness  which  remains  after 
prolonged  denudation  varies  from  6000  feet  to  14,000  feet,  the  latter 
in  the  Penokee  area  of  Michigan.  The  remnants  now  found  were 
either  masses  locally  faulted  down  after  deposition  or  deposited  in 
gently  warped  basins.  The  former  extent  of  the  formation  was 
undoubtedly  over  a  much  greater  area,  especially  if,  as  many  hold, 
the  beds  were  of  marine  origin. 

'  The  formation  often  begins  with  a  basal  conglomerate,  the 
pebbles  of  which  were  derived  from  the  older  gneisses  and  schists. 
This  is  succeeded  by  chert  and  jasper,  banded  or  oolitic,  or  by 
beds  of  impure  cherty  limestone  or  dolomite.  Still  higher  are  many 
beds  of  thinly  laminated  carbonaceous  shales,  carrying  from  6 
to  10  per  cent  of  carbon,  which,  if  concentrated  from  all  the  beds, 
would  make  a  layer  of  anthracite  about  200  feet  thick.  Beds  of 
sandstone  also  occur,  and  in  some  sections  the  strata  are  intruded 
by  sills  and  dikes  of  the  later  Keweenawan  lavas. 

No  undoubted  marine  fossils  have  been  foimd  in  these  strata, 
and  their  reference  to  a  marine  origin  is  based  upon  their  general 
character  and  appearance.  They  may  have  been  formed  in  an 
extensive  series  of  fresh-water  or  saline  lakes,  into  which  rivers  car- 
ried their  sediment,  and  in  which  iron  ores  analogous  to  the  bog  ore 
of  modem  swamps  were  accimiulating. 

The  presence  of  pebbles  of  the  red  jasper  of  the  Animiki  forma- 
tion in  the  Keweenawan  conglomerates  indicates  the  younger  age 
of  the  latter  formation. 

Still  another  older  series  of  rocks  is  found  beneath  the  Animikian 
series,  separated  from  it  by  an  erosion  interval.  This  is  the  Euro- 
man  series,  the  lowest  of  the  Algonkian  formations.    It  begins 
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with  a  basal  conglomerate  which  contains  boulders  up  to  two,  three, 
or  even  five  feet  in  diameter,  and  pebbles,  the  surfaces  of  which  show 
distinct  grooving  and  striation  of  the  type  known  to  us  from  the 
ground  moraine  which  covers  the  rock  nearly  everywhere  in  the 
northeastern  part  of  North  America  and  northwest  Europe.  The 
material  in  which  these  boulders  are  embedded  also  resembles  that 
of  the  more  recent  till,  except,  of  course,  that  it  is  consolidated. 
The  conclusion  has  been  reached  by  students  of  these  roc^s 
that  they  represent  an  old  till  or  subglacial  deposit,  now  hardened 
into  rock  (tOlite).  This  would  imply  that  at  the  beginning  of  Al- 
gonkian  time  the  Canadian  region  was  subjected  to  glaciation, 
though  the  extent  of  this  glaciation  is  not  determined.  The  basal 
series  of  the  Huronian  is  not  all  tillite,  but  interbedded  with  the 
glacial  boulder  conglomerates  are  thick  zones  of  slate,  quaitzites, 
and  c9nglomerates  spread  out  by  running  water,  thus  indicating 
alternation  of  warmer  periods  with  those  of  glaciation. 

The  thickness  of  the  deposit  usually  does  not  exceed  500  or 
600  feet,  and  it  covers  an  area  extending  1000  miles  east  and  west 
and  200  miles  northward  from  latitude  42**  N.  It  rests  upon  a 
level  erosion  surface  of  the  much  disturbed  older  rocks  which  had 
been  thoroughly  peneplaned  (Laurentian  Peneplane)  before  the 
boulder  conglomerate  was  deposited.  The  basal  conglomerates 
are  succeeded  by  quartzites  (sometimes  conglomerates),  which 
may  reach  a  thickness  of  1000  feet,  and  overlying  these  in  the  Lake 
Huron  region  is  a  limestone  about  300  feet  thick  which  has  been 
regarded  as  marine,  though  the  fossil  evidence  is  lacking.  This 
limestone  is  succeeded  by  an  inunense  series  of  clastic  rocks  begin- 
ning with  arkoses  (up  to  2300  feet),  followed  by  red  jasper  conglom- 
erates (2150  feet),  white  quartzite  (2970  feet),  chert  with  limestone 
and  slate  (400  feet),  and  white  quartzite  (1500  feet).  This  series 
of  nearly  10,000  feet  of  elastics  appears  to  be  of  continental  origin 
and  probably  represents  river  flood-plain  and  alluvial  fan  deposits, 
with  possibly  lake  delta  conditions  similar  to  those  of  the  Cooper 
River,  Lake  Eyre,  in  Australia  (p.  467,  Pt.  I). 

In  the  Rainy  Lake  region,  north  of  Minnesota,  the  Huronian 
begins  with  an  impure  limestone  500  feet  thick,  which  rests  directly 
upon  the  Laurentian  Peneplane  surface,  the  tillite  conglomerate 
being  absent.  In  this  limestone,  fossils  have  been  found  at  Steep 
Rock  Lake,  west  of  Port  Arthur,  Ontario.  These,  the  oldest 
undoubted  fossils  (AUkokania)  from  the  North  American  conti** 
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nent,  are  cylindrical,  comucopia-shaped,  and  semi-globose  masses, 
ranging  in  diameter  from  one  to  fifteen  inches.  In  structure 
they  resemble  the  calcareous  algx  found  in  the  younger  Algon- 
kian  limestones  of  the  northwestern  region,  and  it  is  highly  prob- 
able that  they  are  of  similar  nature.  They  have  been  regarded 
as  indicating  marine  waters,  but  this  is  not  necessarily  the  case, 
and  is  rather  strongly  negatived  by  the  absence  of  normal  marine 
organisDos,  though,  of  course,  it  is  not  certain  that  marine  animals 
in  HuroniaD  time  had  hard  parts  capable  of  preservation.  Still 
these  alga,  if  such  they  be,  may  have  been  formed  in  fresh  water, 
as  Walcott  holds  the  alga  of  the  limestones  in  the  Belt  Terrane 
were  formed,  or  they  may  have  developed  in  circumscribed  saline 
lakes.  The  age  qf  this  limestone  is  thought  to  be  the  same  as 
that  ot  the  one  which  lies  some  distance  above  the  tiUite  in  the 
Lake  Huron  region. 

The  Arduean.  —  As  we  have  seen,  the  Huronian  tillites,  or,  in 
their  absence,  other  Huronian  deposits,  rest  upon  the  old  peneplane 
which,  on  the  whole,  is  very  level 
or  gently  undulating.  It  is  upon 
this  ancient  peneplane,  more  or  less 
perfected  by  further  erosion  during 
Algonkian  time,  that  the  Cambrian 
and  overlapping  Ordovidan  strata 
rest  wherever  the  Algonkian  beds 
were  not  deposited  or,  having  been 
dqxisited,  were  removed  again  by 
erosion  before  the  Paleozoic  strata 
were  laid  down.  Over  large  areas 
in  Canada  the  old  peneplane  is 
even  now  exposed,  usually  by  the 

removal  of  the  younger  strata  which  j,„  ^.  _  s„  „„^^  i„„. 
once  covered  it.    A  certam  amount 

of  deformation  has,  however,  occurred  at  various  periods  up  to 
quite  recent  times,  and  the  elevated  portions  have  been  strongly 
dissected.  As  a  result,  some  parts  of  the  old  peneplane  are  now 
more  or  less  deeply  dissected  mountainous  uplands  (See  Fig.  990). 

The  SvdbUrian.  —  While  the  Algonkian  rocks  of  the  Canadian 
region  are,  on  the  whole,  only  slightly  deformed,  and  often  stUl 
neariy  horizontal  in  position,  those  of  the  Archaean  series  beneath 
them  are  strongly  folded  and  exhibit   many  igneous  intrusions, 
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the  Laurentian  Peneplane  cutting  across  the  folds.  For  the  most 
part  these  older  rocks  are  gneisses  of  various  kinds,  which  were 
originally  designated  as  the  Laurentian  gneisses  by  Sir  William 
Logan  (portrait,  Fig.  989).  Folded  in  with  them,  however,  and 
preserved  in  a  number  of  long,  narrow  belts,  is  a  younger  series  of 


Fio.  990.  —  Diagiamnutic  sections  showing  the  develt^ment  of  the 
Laurentian  peneplane. 

B.  This  shows  Ihe  oldest  sediments,  the  Coulfkkliing  (i)  with  the  succeeding  jr«uNi(iii 
Uv>  flows  (1)  and  the  equivalent  GrenviUc  series  a(  the  enstem  region  (3}.  These 
have  been  strongly  folded  duHog  the  Laurtntian  Rnohtlum  and  intruded  t^  the  basal 
Etanitei  (4) ;  during  the  succeeding  Ep-ATckaauie  interval  the  old  Laurentian  moun- 
tains were  planed  down,  and  upon  the  peneplane  thus  producid  the  Sttdlmriati  series  of 
delta  deposits  (5)  were  laid  down.  b.  This  shows  the  folding  of  the  eotiic  series  dur- 
ing the  Algamian  Rtt^ulivn  with  the  development  of  gneissic  structure  in  the  old 
giwiites  (4)  and  the  second  granitic  intrusion  (6)  with  the  probable  formation  of  vol- 
canoes upon  the  surface.  During  the  Ep-Alio""^"  period  of  erosion  these  mountain* 
were  planed  down  to  the  level  indicated  by  the  horizontal  line,  producing  the  Lauren- 
tian ptntflant.  c.  This  shows  the  completed  Laurentian  peneplane,  upon  which  the 
Huronian  and  later  Algonkian  sediments  were  deposited,  (a,  b,  ori^nal,  c  modified 
after  Barretl ) 

sediments  in  synclinal  folds  which  trend  in  a  general  northeasterly 
direction.  These  sediments  are  themselves  unconformably  related 
to  the  gneisses,  and  thus  indicate  a  period  of  sedimentation  between 
two  periods  of  mountain  folding  which  preceded  the  formation  of 
the  Laurentian  Peneplane  (Fig.  990).  They  constitute  the  Sud- 
burian  series  of  sediments,  which  has  a  total  known   thickness 
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of  20y00o  feet  and  apparently  represents  great  alluvial  or  delta-like 
deposits  over  15,000  feet  thick,  consisting  chiefly  of  white  cross- 
bedded  quartzites  with  interbedded  shales  but  no  carbonaceous 
material.  The  lower  5000  feet  often  contain  arkosic  material, 
or  cross-bedded  impure  sandstones  or  graywackes.  Generally, 
too,  there  is  a  basal  conglomerate.  These  basal  beds  are  of  more 
local  origin  than  the  great  mass  of  the  sands,  which,  like  those  of 
the  Cooper  River  delta  of  to-day,  were  probably  derived  from  a 
considerable  distance.  These  rocks  were  strongly  folded,  with 
accompanying  intrusions  of  granite,  and  the  resulting  Algomian 
Mountains,  as  they  have  been  called,  were  worn  down  until  the 
Laurentian  Peneplane  was  produced. 

But  as  we  have  seen,  the  Sudbury  quartzites  themselves  rest 
unconformably  upon  an  older  series  of  rocks  which  constitute 
the  basement  complex  so  far  as  now  known.  Over  large  parts  of 
the  coimtry  this  basement  complex  consists  chiefly  of  altered  gran- 
ites or  granite  gneisses,  and  originally  these  were  regarded  as  repre- 
senting the  oldest  rocks  of  the  earth's  crust  upon  which  the  original 
sediments  were  laid  down.  These  Laurentian  granites,  as  they  are 
called,  have  associated  with  them  many  kinds  of  ancient  sediments 
usually  much  altered,  and  whereas  it  was  originally  believed  that 
these  sediments  were  deposited  upon  the  old  granite  gneisses,  close 
study  has  shown  that  the  contact  between  them  is  not  sedimentary 
but  igneous ;  —  that,  in  other  words,  the  sediments  are  the  older, 
and  the  granites  are  intruded  into  them,  and  therefore  younger. 

Caukkiching  and  Keewatin  Series.  —  The  oldest  Archaean  sedi- 
ments have  been  especially  studied  in  two  regions  in  Canada, 
i,e.f  the  Rainy  Lake  district  north,  of  Minnesota  and  the  area  lying 
north  of  Lake  Ontario  and  east  of  Lake  Huron  in  the  province  of 
Ontario.  In  the  former  r^on  these  sediments  are  known  as  the 
Cotiichiching  series,  and  consist  now  of  graphitic  mica  schists  and 
dolomites,  with  a  known  thickness  of  about  4600  feet.  These 
schists  appear  to  have  been  originally  beds  of  bitimiinous  shale, 
such  as  aboimd  in  the  Palaeozoic  and  later  formations.  During 
metamorphism  the  carbonaceous  content  of  these  shales  was 
changed  to  graphite  scales.  Overlying  this  series  is  a  great  mass 
of  greenstones  and  green  schists,  the  Keewaiin  series,  with  a  thick- 
ness ranging  from  6500  to  23,700  feet.  These  rocks  represent 
ancient  lava  flows,  mostly  basalts,  which  were  poured  out  over  the 
Coutchiching  series,  and  beds  of  volcanic  ash,  all  of  which  have 
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undergone  much  alteration  during  metamorphism.  The  upper  part 
of  this  series,  for  perhaps  1500  feet,  consists  of  inteibedded  banded 
jasper  and  iron  ore,  the  latter  now  altered  to  hematite  and  mag- 
netite, and  it  also  (X)ntains  limestones,  the  entire  series  often  rest- 
ing on  carbonaceous  slates. 

GrettoiUe  Series.  —  The  Arduean  sediments  of  Ontario  are  known 
as  the  Gremiile  series,  and  they  are  believed  to  be  the  e 


E^G.  991. —  BtnOen  canadaise,  Arcluean,  St.  PieiTe,  Canada.    (From  Hsug, 
TraiU  de  Giologk.) 

equivalent  of  the  formations  just  described.  The  Grenville  series 
contains  much  calcareous  matter  in  the  form  of  crystalline,  pinldsh 
limestones  or  coarse-grained  marbles  and  dolomites.  In  one  sec- 
tion a  total  thickness  of  over  94,000  feet  of  strata  has  been  deter- 
mined, more  than  half  of  it  being  calcareous.  The  beds  of  crys- 
tiUline  limestones  alternate  with  quartzites  which  are  altered  sand- 
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stones,  and  there  are  interbedded  hornblende  schists  and  gndsses 
formed  from  alteration  partly  of  igneous  intrusives  and  partly  from 
the  original  sediments  in  contact  with  the  intrusives.  Some  of 
the  beds  are  graphitic,  representing  altered  carbonaceous  rocks. 
Basaltic  lava  flows  also  occur  at  the  base  of  the  Grenville  series. 

The  ancient  Arduean  sediments  of  the  Canadian  region  were 
strongly  folded  after  their  formation,  while  extensive  intrusions 
of 'granite  took  place,  greatly  altering  them.  This  was  the 
first  known  period  of  disturbance  and  of  granitic  intrusions,  and 
it  was  followed  by  a  prolonged  interval  of  erosion  before  the  Sud- 
bury sediments  were  deposited.  Rocks  of  the  age  of  the  Grenville 
series  also  occur  in  the  Adirondacks, 
in  the  Highlands  of  the  Hudson  and 
thdr  continuation  into  New  Jersey, 
and  in  the  northern  Appalachian 
r^on.  In  the  Adirondacks,  gra- 
phitic and  other  crystalline  limestones 
also  occur,  together  with  heavy  beds 
of  graphite  schist,  which  appear  to 
have  been  originally  bituminous 
shales.  The  amount  of  graphite 
varies  from  three  to  ten  per  cent  by 
weight  of  the  rock,  some  beds  of  the 
graphite  schist  being  so  rich  and  so 

thick  as  to  have  the  appearance  of  Fic.  993.  —  Sn  J.  W.  Dawson. 
coal  seams.     In  the  Highlands  of  the 

Hudson  and  New  Jersey,  gneisses  predominate,  but  locally  lime- 
stones also  occur. 

Fossils  of  the  Grenville  Series. — While  the  presence  of  the  graphite 
suggests  strongly  the  occurrence  of  plants  and  perhaps  animals 
during  the  period  of  deposition  of  the  Grenville  series,  it  can  be 
regarded  only  as  indirect  proof  of  such  an  existence.  The  same 
thing  may  be  said  of  the  occurrence  of  the  limestone  and  iron  ores, 
for  while  such  deposits  in  later  periods  often  indicate  the  physio- 
lo^cal  activities  of  organisms,  it  cannot  be  denied  that  these  older 
limestones  and  iron  ores  may  have  been  of  purely  chemical  origin. 
More  direct  evidence  of  life  is  furnished  by  what  has  been  regarded 
by  many  as  true  fossils  in  the  Grenville  limestone,  though  others 
have  denied  their  organic  origin.  These  are  globular  or  irregular 
masses  of  lime  and  serpentine  material,  sometimes  with  a  diameter 
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of  several  feet,  the  caldte  layers  alternating  in  regular  succession 
with  the  serpentines  and  interpenetrated  by  them  in  such  a  way  as 
to  suggest  a  complicated  series  of  canals  and  tubes  (Fig.  991). 
At  first  these  masses  were  thought  to  have  been  built  by  Protozoa, 
the  calcite  representing  the  shelly  material  deposited  over  and 
around  the  organic  matter  the  place  of  which  is  now  taken  by 
the  serpentine.  On  this  account  the  supposed  organism  was 
named  by  Sir  William  Dawson  (portrait,  Fig.  992),  its  discoverer, 
Eozo&n  canadense,  or  the  Canadian  dawn-animal.  At  present  the 
tendency  on  the  part  of  palaeontologists  is  to  consider  these  masses 
as  more  probably  of  algous  origin,  «.e.,  a  form  of  lime  secreted  by 
lowly  plants,  either  marine  or  fresh  water.  There  are,  however, 
many  geologists  who  regard  these  masses  as  the  product  of  crys- 
tallization during  metamorphism. 

Summary  of  the  Pre-Cambrian  of  the  Canadian  Region 

We  may  summarize  the  succession  of  known  pre-Cambrian 
events  in  the  Canadian  region  in  the  following  table : 

13.  Interval  of  erosion,  preceded  by  moderate  disturbance  of  the  strata, 

and  succeeded  by  Pabeozoic  sedimentation. 
12.  Deposition  of  the  Keweenawan  series  of  alluvial  and  delta-like  deposits, 
and  outpourings  of  Keweenawan  ore-bearing  lavas  and  their  intrusion 
into  some  of  the  older  sediments. 
II.  Interval  of  erosion,  preceded  by  slight  disturbances. 
10.  Deposition  of  the  Animiki  iron-bearing  series  of  cherts,  jaspers,  o6lites, 

limestones,  and  carbonaceous  shales. 
9.  Interval  of  erosion  preceded  by  elevation  and  warping  of  the  land. 
8.  Deposition  of  Huronian  strata. 

&.  Upper  arkoses,  jasper  conglomerates,  and  quartzites. 
86.  Middle  limestones,  with  basal  sandstones  and  carrying  calcareous 
alge  in  some  places,  and  sometimes  overlapping  the  lower  tillites. 
8a.  Lower  tillites  apparently  of  glacial  origin. 
7.  Great  period  of  erosion  and  formation  of  Laurentian  Peneplane. 
6.  Second  folding  and  metamorphism  of  the  older  formations  and  second 

intrusion  of  Laurentian  granites. 
5.  Deposition  of  the  Sudbury  series  of  continental  quartz  sands. 
4.  Great  period  of  erosion. 
3.  First  period  of  folding,  mountain-making  and  metamorphism  of  the 

older  rocks  and  first  intrusion  of  Laurentian  granite. 
2.  Deposition  of  the  Archaean  sediments. 
In  western  region: 
2b.  Upper  or  Keewatin  series  of  volcanics,  of  pyroclastics  and  other 

sediments, 
aa.  Lower  or  Coutchiching  sediments. 
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liteaf lent  region: 

20  and  b.  Deposition  of  Grenville  series'  of  limestones  and  clastic  sedi- 
ments with  some  volcanics. 
I.  FonnatioD  of  the  earlier  unknown  rocks  of  the  earth's  crust  from  which 
the  oldest  elastics  were  derived  and  upon  which  they  were  deposited. 

Other  Pre-Cambrian  Sediments  of  North  America 

Pre-Cambrian  sediments  have  been  found  in  several  other 

localities  in  North  America,  but  they  have  not  yet  been  studied 


to  the  same  extent  as  those  described  above.  On  the  Avalon 
Peninsula  of  eastern  Newfoundland  there  is  found  an  extensive 
series  of  folded  quartzites,  slates,  and  other  rocks  only  slightly 
metamorphosed,  and  carrying,  in  some  cases,  indistinct  organic 
remains  (Fig.  993).  This  Avalon  series,  as  it  is  called,  was  trun- 
cated by  erosion  after  the  folding,  following  which  marine  sedi- 
ments of  Lower  Cambrian  age  were  deposited  over  it.  Another 
series  of  inclined  more  01  less  metamorphosed  pre-Cambriao  strata 
is  known  from  central  Texas,  where  the  eroded  and  truncated  ends 
are  overlain  by  late  Cambrian  marine  sediments.     (See  Fig.  981, 
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p.  184.)  Both  of  these  series  are  referred  to  the  Algonkian, 
but  their  exact  correlation  with  the  Canadian  succes^on  is  not  yet 
possible.  The  outcrops  of  the  pre-Cambrian  formations  of  aH 
kinds  are  shown  on  the  accompanying  map  (Fig.  994),  but  it  must 


Pig.  994.  —  Map  of  North  America  in  pre-Cambrian  time.  (After  Van 
Hise  and  Leith.)  C.  S.,  California  Sea,  arrows  indicate  probable  patL  of  ad- 
vance of  ocean  over  continent.  Diagonally  shaded  areas,  Algonkian,  includ- 
ing Keewatin  areas  in  Canada  and  the  Lake  Superior  region.  Horizontally 
shaded  areas,  ancient  schists  and  intmsives  (generally  pre-Cambrian  but  in- 
cluding Palteozoic  and  possibly  younger  metamorphic  locks  and  tntiusivcs. 
Id  Caoada,  tlie  Laurentian  in  general,} 

be  remembered  that  everywhere  they  underlie  the  younger  rocks  — 
that,  in  other  words,  the  whole  of  the  North  American  continent 
is  formed  of  pre-Cambrian  rocks,  portions  of  which  are  covered 
by  sediments  of  Palaeozoic  and  younger  age. 
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Pre-Cambrian  of  Scotland 

An  instructive  series  of  pre-Cambrian  rocks  occurs  in  the  High- 
lands of  northwest  Scotland.  Here  the  basement  rock  is  the 
Lewisian  gneiss  (Fundamental  gneiss),  regarded  as  the  product 
of  the  metamorphism  of  plutonic  rocks.  Schists  also  occur  with 
the  smes,  and  these  are  interpreted  as  the  alteration  products  of 
andent  sediments.  The  whole  is  intruded  by  basic  as  well  as  acid 
igneous  masses  in  the  form  of  dikes  and  sills. 

Part  of  this  fundamental  complex  shows  a  pronounced  erosion 
topography  which  was  carved  in  Algonkian  time,  with  hills  rising  in 
places  2000  feet  or  more.  The  climate  in  later  Algonkian  time  seems 
to  have  been  of  a  semi-arid  character,  for  disintegration  of  the  granite 
gneisses  occurred  with  but  little  decomposition  of  the  feldspars. 
As  a  result,  a  great  mass  of  arkosic  material  was  produced,  which 
acciunulated  in  the  valleys  to  a  depth  of  perhaps  14,000  feet.  In 
many  cases  the  orthoclase  crystals  of  this  arkose  are  so  fresh  and 
large  that  the  rock  appears  superficially  Uke  a  coarse  granite. 
This  is  the  Torridon  Sandstone  which,  on  the  whole,  has  been  little 
disturbed,  and  is  still  largely  uimietamorphosed.  Along  the  flanks 
of  the  old  mountains  from  which  the  material  was  derived,  and 
generally  at  the  base  of  the  formation,  it  is  commonly  coarse  and 
bouldery,  grading  'away  into  arkose  sandstones  of  finer  grain. 
Cross-bedding  is  frequent,  and  some  of  this  appears  certainly  to 
be  of  eolian  character.  As  further  evidence  of  pronounced  wind- 
work  in  Torridon  time,  may  be  mentioned  faceted  boulders  or 
pebbles  of  the  dreikanter  type  which  are  occasionally,  found  in  the 
deposit.  The  prevailing  color  of  the  formation  is  red,  but  there 
are  also  gray  micaceous  shales  and  sandstones,  and  occasionally 
some  thin  calcareous  layers.  These  are  sometimes  marked  by 
what  appear  to  be  trails  of  organisms,  but  other  fossils  have  not 
been  found.  On  the  whole,  this  seems  to  be  a  continental  deposit 
of  the  intermontane  type,  formed  by  torrents,  and  modified  by 
wind  during  a  period  of  relative  aridity.  Subsequent  erosion  has 
in  (daces  removed  this  sandstone  and  reexposed  the  old  pre- 
Torridonian  hills  and  valleys,  part  of  the  latter  being  occupied 
by  modem  streams. 

Slight  warping  and  deformation  of  the  Torridon  beds  occurred, 
followed  by  prolonged  erosion  which  left  only  remnants  of  the 
once  widespread  formation.    Then  the  erosion  surface  was  sub- 
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merged  beneath  the  encroaching  Cambrian  sea,  Lower  Cambrian 
sandstones,  shales,  and  limestones  being  deposited  in  places  upon 
the  eroded  edges  of  the  Torridon  Sandstone  or,  where  this  had 


Fig.  095.  —  View  of  Craij?  Roy  on  Loch  Maree,  Scotland.  The  nearly 
horizontal  rocks  in  the  greater  part  of  the  craig  are  Torridon  sandstone 
(pre-Cambrian).  Above  these,  with  a  gentle  unconformity,  lie  the  Lower 
Cambrian  beds  with  OUneilus,et<:, 

been  removed  by  erosion,  upon  the  old  gneiss  direct  (Fig.  99s). 
More  recently  still,  great  crustal  movements  occurred,  which  caused 
the  gneiss  locally  to  override  the  older  Palaeozoic  sediments  (Fig. 
996).    In  the  main  mass  of  the  Highlands  these  thrusting  move- 


FiG,  596.  —  Diagrammatic  section  across  the  northwest  Highlands  of  Scot- 
land. L,  Lewisiaji  gneiss;  T,  Torridon  sandstone;  a.  Arenaceous  series  of 
Cambrian;  b.  Middle  series;  c,  Calcareous  series;  (,  Thrust-plane.  Note: 
The  overthriisting  is  much  more  complex  than  is  shown  in  this  diagram.  (From 
Lake  and  Rastall,  Textbook  ej  Geology.)     (See  also  Fig.  550,  p.  639,  Ft.  I.) 


ments  were  accompanied  by  intense  metamorphism  which  altered 
the  rocks  to  such  an  extent  that  their  separation  into  Palaeozoic, 
Tonidonian,  and  Lewisian  has  not  yet  been  accomplished. 
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The  Pre-Cambrian  Rocks  of  Finland,  etc. 

The  best  known  development  of  the  older  rocks  of  Europe  is 
found  in  Finland,  where  the  series  has  a  thickness  of  many  kilo- 
meters. There,  as  elsewhere,  the  highest  division  is  little  altered, 
and  for  the  most  part  still  undisturbed.  The  succession  is  as 
follows,  in  descending  order. 

Cambrian  Sandstones  and  shales  mostly  absent. 

Erosion  interval.     (No  folding). 
Algonkian  Series. 

Jotnian  formation.  Quartzites  and  ripple-marked  sandstones,  conglom- 
erates and  clay  slates  with  intrusive  diabases  and  *'Rapakiwi"  granite 
not  folded  and  but  slightly  altered,  thickness  up  to  2000. meters. 

Erosion  interval  preceded  by  more  or  less  folding  of  older  series. 

Jatulian  series.  Clay-shales  and  bituminous  shales  with  a  bed  of  anthracite 
coal  2  meters  thick,  besides  dolomites,  quartzites,  and  conglomerates. 
Some  of  the  strata  characterized  by  ripple-marks  and  mud-cracks. 
Intrusive  and  effusive  diabases.  Also  gabbro  intrusions.  Folded,  but 
little  altered,  and  sometimes  nearly  horizontal.  Thickness,  still  nearly 
1500  to  2000  meters. 

Erosion  intervai^  preceded  by  folding  of  older  strata. 

Kalevian  series.  -  A  metamorphic  series  of  schists,  cross-bedded  quartzites, 
coarse  conglomerates,  and  dolomitic  limestones.    All  strongly  folded. 

Great-erosion  interval  preceded  by  folding  of  older  strata. 
Arcilean  Series. 

BoUnian  series^  metamorphosed  schists,  quartzites,  conglomerates,  tuffs, 
and  porphyries. 

Erosion  interval  preceded  by  folding. 

Ladogian  series.  A  metamorphic  series  of  phyllites,  mica  schists,  quartz- 
ites, conglomerates,  crystalline  limestones,  etc.,  resting  upon  (or  in- 
truded by) 

Fundamental  granite-gneiss. 

The  prevailing  strike  of  the  Archaean  foldings  is  southwest 
and  northeast,  that  of  the  older  Algonkian  northwest,  or  prac- 
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Fig.  997.  —  Section  of  the  pre-Cambrian  rocks  of  Lapland.  J/,  Kalevian 
series  (metamorphosed  greenstones) ;  Tk^  Kalevian  talc  chlorite  schist; 
Qu,  Kalevian-quartzite ;  PA,  Kalevian  phyllite;  Gr,  Post-Kalevian  intruded 
granite ;  upon  these  highly  inclined  beds  rest  the  gently  folded  Jatulian  basal 
conglomerate  (B)  and  quartzite  (/a).     (After  Sederholm,  from  Kayser.) 
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tically  at  right  angles  to  the  older  series, 
rocks  of  Lapland  is  given  in  figure  997. 


A  section  of  the  older 


Pre-Cambrian  Glaciation 

We  have  seen  that  there  are  indications  of  the  existence  of  glaciers 

in  Uuronian  time  in  parts  of  Canada,  for  the  base  of  the  Huronian 

series  contains  an  old  tillite,  or  consolidated  glacial  till,lwith  scratched 

boulders  and  pebbles.     In  other  portions  of  the  world  the  fossilif er- 


Fig.  998.  —  Contact  of  Algonkian  {'Gng),  and  Cambro-Ordovician  beds 
(€okB),  with  layer  of  old  glacial  tiU  no  feet  thick  between  (€nt).  Yangtze 
River,  Province  of  Shensi,  China.    (After  Willis,  from  Walcott.) 

ous  Cambrian  beds  are  preceded  by  similar  tillites,  and  some  of  these 
are  so  extensive  and  present  such  unmistakable  characteristics, 
that  they  must  be  interpreted  as  the  product  of  widespread 
continental  glaciation  at,  or  before  the  opening  of,  Palteozoic  time. 
The  best  known  examples  of  such  late  pre-Cambrian  or  early 
Cambrian  glaciation  exist  in  the  southern  hemisphere,  in  Australia 
and  South  Africa,  and  one,  apparently  of  equal  extent  and  impor- 
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tasce,  is  found  in  eastern  China  in  latitude  31°  N.,  wliere  in  the 
exposures  of  the  Yangtze  Ca&on  they  are  seen  beneath  the  fos- 
siliferoua  Cambrian  beds,  and  include  beautifully  striated  pebbles 
comparable  in  all  respects  to  those  found  in  the  till  of  the  Pleistocene 
gladal  deposits.     (Figs.  998,  999.) 

In  Cape  Colony,  South  Africa,  is  found  a  Ullite  of  the  same  age 
{Griquatown  series),  which  has  been  traced  over  an  area  of  1000 
square  miles.  This  lies  in  general  in  latitude  29"  S.,  and,  like  the 
Australian  deposits,  ^>- 
proaches  the  equator  more 
closely  than  do  any  of  the 
gkicial  deposits  of  the 
Pleistocene  period. 

In  South  Austraha,  such 
tiUites  are  now  found  to 
form  a  part  of  the  Mount 
L<^ty  Ranges;  and  they 
have  been  traced  over  an 
area  extending  460  miles, 
from  the  west  coast  of 
Tasmania  on  the  south,  to 
latitude  33°  or  30°  S.  and 
for  350  miles  from  east  to 
west  (Fig.  1000).  Inter- 
calated in  these  tillites.are 
beds  of  limestone  which 
contain  what  appear  to  be 
radiolarian  remains,  while  '"'•'■  ««■  ~  CUcial  stri*  on  bouUers  in  a 
.    ■  .     .  mudstoDe   at    the   base   of   the   Cambrian. 

one    contains    Archsocy-   jj^„,t„,  ^„  ^^  y^^^^  (chtaa).    (Aft« 
athid  corals  (see  beyond).    Bailey  Willis.) 
Because  of  this,  it  is  argued 

that  the  gladers  which  deposited  these  tillites  reached  the  sea; 
in  other  words,  that  these  deposits  at  the  time  of  their  formation 
were  close  to  sea-level  and  indeed  extended  into  the  sea  and 
that  floating  icebergs  carried  these  boulders,  while  during  mter- 
mittent  warmer  periods  marine  limestones  were  formed.  This  is 
a  significant  fact,  for  it  would  imply  that  at  that  early  period  the 
climate  of  South  Australia  was  comparable  to  that  of  Alaska  or 
Greenland,  where  glaciers  descend  into  the  sea  to-day.  If  that 
were  the  case,  we  would  have  to  assume  either  that  the  climate  of 
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the  earth  as  a  whole  was  much  colder  at  that  time,  or  that  the 
arrangement  of  the  climatic  zones  upon  the  earth's  surface  was 
difierent  at  that  period,  so  that  some  of  the  warmer  regions  of  the 
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Fig.  tooo.  —  Cross  section  showing  the  strotigraphic  relations  of  the  Cam 
briau  glacial  formations  of  AustTalia.  (After  \^althe^  Howchin)  i  Crystal 
linesi  ;,  quartzites;  3,  mudstone  with  Lower  Cambrian  boulders  4  shales 
of  Tapley's  Hill;  5,  limestone  of  Brighton'  6  purple  shales  7  limestone 
with  AnhatKyalhta ;  8,  Permian  glacial  beds    9   10  Tertiary    FP  faults 

present  earth  were  arctic.  This  would  imply  that  the  poles  of 
the  earth  were  not  in  the  position  which  they  occupy  to-day, 
but  that  both  the  north  and  the  south  pole  had  a  different  location. 
No  other  known  explanation  is  adequate  to  account  for  such  a  dif- 
ference in  position  of  the 
climatic  zones,  if  that  actu- 
ally obtained.  If  the  poles 
of  the  earth  were  in  their 
present  position,  and  the 
climate  of  the  whole  earth 
were  lowered  sufficiently  to 
permit  glaciers  to  extend 
from  the  South  Pole  to 
South  Australia  and  South 
Africa  on  the  one  hand,  and 
Fig.  .001.  -  Polished  and  striated  sand-  ^'^"'^  the  North  Pole  to  the 
stone  underlying  a  thick  monune  at  the  Yangtze  on  the  other,  the 
tase  of  the  Cambrian.  Bigganjarga,  near  present  polar  regions  must 
have  suffered  extremes  of 
refrigeration  far  beyond 
those  known  to-day.  In  that  case  the  change  in  climate  which 
followed  this  period  of  cold  was  a  remarkable  one,  for  both  in  the 
arctic  and  the  antarctic  regions  of  to-day  deposits  of  Cambrian 
age  suggestive  of  mild,  if  not  of  warm,  climate  were  formed. 


Pre-Cambrian  Glaciation  207 

m 

Evidence  of  ancient  glaciation  is  also  found  in  the  extreme  north 
of  Europe,  where  at  Varanger  fjord  on  the  north  coast  of  Norway, 
the  pre-Cambrian  rocks  are  beautifully  striated  and  polished, 
comparable  in  all  respects  to  the  glaciated  surfaces  of  rocks  under 
the  Pleistocene  till.  These  polished  surfaces  are  covered  by  a 
tiUite  full  of  striated  boulders,  and  this  in  turn  is  succeeded  by  a 
bedded  rock  without  fossils  and  of  uncertain  age  (Fig.  looi).  It  has 
been  thought  that  the  glacial  period  here  indicated  belonged  to 
the  early  Cambrian  or  pre^ambrian,  but  the  evidence  for  this  is 
entirely  inconclusive.  So  far  as  the  age  of  the  overlying  rocks  is 
concerned,  this  may  be  Devonian  or  even  Triassic  if  not  younger, 
and  therefore  it  is  quite  possible  that  the  glaciers  responsible  for 
these  phenomena  existed  in  this  region  in  post-Palaeozoic  time. 

Pre-Cambrian  rocks  are  exposed  in  many  other  regions  of  Europe 
and  over  wide  areas  in  Asia,  but  they  have  not  been  studied  in  the 
same  detail. 


CHAPTER  XXXI 

GENERAL   CHARACTERS   OF  THE  PALJBOZOIC 

The  Palaeozoic  history  of  the  earth  presents  itself  to  us  in  two 
phases,  physical  and  biological.  From  either  aspect  it  appears  as 
a  unit,  there  being  consecutive  and  orderly  development  both  in 
physical  geography  and  in  life,  neither  being  affected  by  any 
marked  or  violent  interruption.  Both  at  the  beginning  and  at  the 
end  of  the  Palaeozoic,  however,  the  changes  were  pronounced, 
although,  as  has  already  been  said,  the  organisms  of  the  Palaeozoic 
had  their  ancestry  in  those  of  pre-Palaeozoic  time  and  from  them, 
in  turn,  were  derived  those  of  the  Mesozoic.  In  either  case,  how- 
ever, the  change  appears  to  have  been  a  marked  and  comparatively 
rapid  one,  preceded  at  least  at  the  end  of  the  Palaeozoic  by  wide- 
spread extinction  of  the  dominant  types. 

Paleozoic  Seas  and  Lands 

We  shall  at  the  outset  note  briefly  the  general  characteristics  of 
the  Palaeozoic  seas  and  lands.  There  is  at  present  no  reason  for 
believing  that  the  continents  and  ocean  basins  as  a  whole  were 
different  from  what  they  are  to-day,  although  it  is  certain  that  in 
form  and  minor  characters  they  had  their  own  peculiarities. 

The  Oceans^  —  There  is  little  doubt  that  both  the  Atlantic  and 
the  Pacific  oceans  were  in  existence  in  Palaeozoic  time,  though  it 
is  probable  that  they  were,  on  the  whole,  much  shallower  than 
they  are  to-day.  Furthermore,  it  is  certain  that  the  Atlantic 
Ocean  was  rriuch  smaller  than  at  present,  for  land  masses  replaced 
part  of  its  western  and  northeastern  border  regions,  and  for  part 
of  the  time,  at  least,  its  northern  border  region  as  well.  Our  infor- 
mation regarding  the  Pacific  of  that  era  is  less  detailed,  but  it 
appears  that  its  eastern  border  zone  was  for  a  time  usurped  by  a  land 
mass  of  unknown  extent.  The  Arctic  Ocean  was  also  in  ex- 
istence during  Palaeozoic  time,  but  we  know  from  the  organisms 
which  inhabited  it  that  the  waters  were  of  a  much  higher  tem- 
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perature  than  at  present,  being,  indeed,  locally  at  least,  compa- 
rable to  watefs  of  the  modem  tropical  seas.  Whether  this  was  due 
to  a  general  higher  condition  of  temperature  of  the  earth's  atmos- 
phere and  waters  at  that  time,  or  whether  it  was  due  to  a  different 
arrangement  of  the  zones  of  temperature  in  the  Palaeozoic,  is  a 
mooted  question.  Some  have  held  that  the  temperature  of  the 
earth's  atmosphere  and  waters  was  more  nearly  uniform  at  that 
time  than  it  is  to-day,  —  that,  indeed,  climatic  zones  did  not  then 
exist  upon  the  earth.  Aside,  however,  from  the  difficulty  of  con- 
ceiving of  a  planet  like  our  earth  with  a  definite  relation  to  the 
sun  as  being  deprived  of  climatic  zones,  —  unless  we  assun^e 
that  the  earth  was  wrapped  in  a  continuous  mantle  of  clouds,  ^— 
there  are  positive  indications  that  climatic  zones  did  exist  even  at 
this  early  time  and  that,  while  tropical  conditions  prevailed  in 
some  regions,  Arctic  conditions  prevailed  in  others ;  but  the  dis- 
tribution of  these  conditions  over  the  surface  of  the  earth  appears 
not  to  have  been  the  same  as  it  is  to-day. 

It  has  been  thought  by  some  that  this  difference  in  distribution 
of  climatic  zones,  if  such  obtained,  might  have  been  due  to  a  dif- 
ferent position  of  the  earth  upon  its  axis,  or,  in  other  words,  to  a 
difference  in  the  position  of  the  poles,  while  yet  the  general  relation 
of  the  earth's  axis  of  rotation  remained  the  same  with  reference  to 
the  sun.  Thus,  it  has  been  suggested  that  during  the  Palaeozoic 
one  pole  might  have  been  located  in  the  region  of  the  present  Indian 
Ocean  and  the  other  somewhere  in  the  Pacific,  which  would  carry 
the  equator  of  that  time  more  nearly  through  the  present  polar 
regions.  Serious  objections  have,  however,  been  advanced  against 
such  a  view,  and  we  must  leave  this  problem  unsolved  for  the 
present.  That  climatic  conditions  in  Palaeozoic  time  differed  in 
different  parts  of  the  earth  (though  not  necessarily  in  all)  from 
to-day  is  clearly  indicated  by  the  distribution  of  the  Palaeozoic 
organisms  as  well  as  by  the  characteristics  of  the  deposits,  as  will 
appear  more  dearly  presently. 

We  know  very  Uttle  regarding  the  extent  and  character  of  the 
Indian  Ocean  in  Palaeozoic  time,  but  of  its  existence  there  seems 
to  be  little  doubt,  though  extensive  l^nd  masses  may  have  reduced 
it  much  in  size. 

Bpeixic  Seas.  —  A  characteristic  feature  of  the  Palaeozoic  was 
the  extensive  development  of  epeiric  seas  of  the  type  now  repre- 
sented by  Hudson  Bay  in  North  America  and  by  the  Baltic  Sea 
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in  Europe.  They  were,  for  the  most  part,  shallow  and  covered 
large  areas  of  the  present  continents,  at  least  in  North  America, 
Europe,  and  Asia.  South  America  and  Africa,  on  the  other  hand, 
seem  to  have  been  characterized  in  Palaeozoic  time  merely  by  shal- 
low marginal  indentations  from  the  sea,  the  greater  part  of  these 
continents  being  above  water,  then  as  now.  The  same  was  true, 
though  perhaps  to  a  lesser  degree,  of  Australia.  The  conditions 
of  the  Antarctic  continent  at  that  time  are  still  unknown. 

The  several  epeiric  seas  which  covered  the  continents  of  the 
Palaeozoic  were  extensions  from  one  or  the  other  of  the  great 
oceans  of  the  time,  and  several  such  extensions,  each  from  a  sepa- 
rate ocean,  may  have  occupied  a  continent  at  the  same  period. 
Unless  these  epeiric  seas  became  confluent,  their  faunas  remained 
more  or  less  distinct,  being  derived  in  each  case  from  the  ocean  of 
which  the  epeiric  sea  was  an  extension.  For  just  as  is  the  case 
to-day,  each  ocean  had  its  peculiar  fauna  and  flora,  although  there 
were  certain  types  which  were  fairly  well  represented  in  two  or  more 
of  the  oceans.  When  the  epeiric  seas  became  confluent,  a  tem- 
porary commingling  of  the  faunas  occurred,  and  in  some  cases  a 
wide  distribution  of  certain  organisms  over  the  earth  could  take 
place.  Such  widely  distributed  organisms  became  then  the  most 
characteristic  of  index  fossils  of  the  contemporaneous  deposits  in 
widely  distant  regions  of  the  earth. 

When  an  epeiric  sea,  peopled  with  organisms  from  one  of  the 
oceanic  sources  of  supply,  became  more  or  less  effectively  sepa- 
rated from  that  ocean,  a  slow  differentiation  of  the  organisms,  thus 
isolated,  took  place,  and  after  a  time  a  new  assemblage  of  marine 
animals,  that  is,  a  distinct  fauna,  came  into  existence,  in  the  area 
thus  restricted.  With  renewed  opportunities  for  spreading 
widely,  this  fauna  later  often  became  more  or  less  cosmopolitan. 
Thus,  while  in  general  the  development  of  the  organisms  in  the 
ocean  basins  was  slow,  more  rapid  evolution  took  place  wherever 
a  group  was  isolated  and  thus  new  faunas  came  into  existence. 
Attention  wDl  be  called  to  some  of  these  in  their  proper  places. 

Geosynclines.  —  During  Palaeozoic  time  there  were  certain 
areas  of  more  or  less  continuous  subsidence,  interrupted  in  some 
cases  and  terminated  in  all  by  foldings  of  the  strata  deposited  in 
them.  These  areas,  the  geosynclines,  were  in  general  parallel  to  the 
principal  land  masses  of  each  continent,  from  which  they  received 
a  more  or  less  constant  supply  of  clastic  material.    Though  on 
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the  whole  subsiding  continuously,  the  geosyndinal  belts  were  not 
always  submerged  beneath  the  shallow  epeiric  extensions  of  the 
oceans,  but  frequently  their  surfaces  stood  above  sea-level,  at  least 
in  part,  and  the  deposits  formed  in  them  were  of  continental 
character.  Sometimes  these  geosyndines  were  confined  between 
land-masses,  but  in  other  cases  they  passed,  in  the  direction  away 
from  the  principal  land  mass,  into  a  shallow  epeiric  sea.'  Map 
F^.  looa. 

It  is  in  these  geosyndines  that  the  thickest  deposits  of  the 
Palaeozoic  were  formed,  those  of  the  Appalachian  Mountains,  the 


Fic.  looi.  —  Generalized  map  of  the  northern  continents,  showing  the  loca- 
tion of  the  more  iroportant  geosyndines  of  Paleozoic  time.  The  darker  geo- 
synclJDes  are  of  later  FaliEozoic  age,  forming  in  the  oldland  after  Che  folding 
of  the  sediments  of  the  older  Paloozoic  geosyndines.  The  figures  show  the 
position  of  the  sections  in  the  succeeding  diagrams  (Figs,  iooj-1005}. 
(Origmal.) 


type  region  of  geosyndines,  reaching  a  total  thickness  of  over 
40,000  feet.  For  the  most  part  these  geosyndines  were  long 
and  comparatively  narrow  and  they  later  became  the  sites  of 
the  principal  moimtain  folds  formed  during  and  at  the  dose  of 
the  Palamzoic. 

The  Land  Masses.  —  In  Palaeozoic  time  certain  dominant  land 
masses,  quite  distinct  from  the  dominant  land  areas  of  to-day,  were 
in  enstence,  and  it  was  from  them  that  the  bulk  of  the  clastic 
material  which  was  deposited  in  the  geosyndines  and  epeiric 
seas  and  upon  the  low  lands  was  derived.  As  they  were  distinc- 
tive for  each  of  the  continents,  these  land  masses  will  be  more 
fully  described  in  connection  with  the  principal  geographic  con- 
dition? of  each. 
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PALiEozoic  Land  Masses  of  Nosth  America 

Appalachia.  —  The  most  prominent  of  the  land  masses  in  eastern 
North  America  during  the  whole  of  Palaeozoic  time  was  Appalachia, 
which  lay,  in  a  general  way,  along  the  eastern  border  of  the  conti- 
nent, extending  eastward  into  the  present  Atlantic  area  for  an  un- 
known distance.  There  is  good  reason  for  the  belief  that  this  land 
mass  extended  continuously  from  Newfoundland  on  the  north 
without  interruption  to  the  Brazilian  oldland  of  South  America 
and  beyond,  involving,  indeed,  the  greater  part  of  South  America, 
of  which  it  was  the  northward  extension.  (See  Fig.  1186,  p.  336.) 
Some  palaeogeographic  maps  show  the  land  interrupted  in  the  Gulf 
of  Mexico  region,  so  that  the  Atlantic  waters  are  connected  with 
the  interior  epeiric  seas.  There  is,  however,  no  good  evidence  for 
such  an  interruption,  and  indeed  the  known  facts  point  to  a 
continuous  land  mass.  The  cores  of  the  West  Indian  Islands, 
which  consist  of  ancient  metamorphic  rocks  covered  by  Mesozoic 
and  younger  deposits,  may  be  regarded  as  the  surviving  remnants 
of  this  land  mass,  of  which  the  western  edge  is  still  preserved  in 
the  crystalline  rocks  of  the  Piedmont  Belt  of  the  southern  Appa- 
lachians, the  Florida  platform,  covered  by  younger  rocks,  and  a 
part  of  the  New  England  and  Newfoundland  uplands  in  the  north. 

The  central  axis  of  Appalachia,  the  location  of  which  was  prob- 
ably near  to  or  outside  of  the  present  eastern  coast  of  the  continent, 
rose  to  mountainous  heights,  as  is  clearly  indicated  by  the  nature 
o'f  the  sediments  derived  from  it  and  by .  other  considerations. 
Not  the  least  of  these  was  the  fact  that  the  mountains  were  able 
to  shut  out  the  moisture-bearing  winds  from  the  Atlantic  so  that 
the  western  slopes  of  the  land  mass  were  repeatedly  subjected  to 
the  conditions  of  at  least  semi-aridity,  even  though  water  bodies 
lay  to  the  west  of  it  (Fig.  1003).  This  fact,  also,  points  to  the  preva- 
lence at  that  time  of  easterly  winds  over  much  of  the  area  lying  at 
present  within  the  belt  of  the  westerlies.  The  fact  of  repeated 
semi-aridity  of  climate  along  the  western  slopes  of  Appalachia  is 
clearly  demonstrated  by  the  abundance  of  clastic  sediment  which 
often  forms  extensive  alluvial  fans,  by  the  frequent  red  color  of  these 
sediments,  and  by  the  presence  of  salt  deposits.  The  value  of  all 
of  these  characters  as  indicators  of  climate  has  already  been  discussed 
at  some  length  in  previous  chapters.    (See  pp.  459, 491,  Pt.  I.) 

It  was  Appalachia  which  furnished  nearly  all  the  clastic  ma- 
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terial  which  became  embodied  in  the  sediments  of  the  Palaeozoic  of 
eastern  North  America.  The  bulk  of  this  sediment  was  deposited 
in  a  geosyndinal  trough  which  paralleled  the  western  border  of 
Appalachia  and  which  was  undergoing  slow  subsidence  as  deposi- 
tion progressed.  This  trough  at  first  extended  southward  across 
the  western  half  of  the  Gulf  of  Mexico  and  across  what  is  now 
Central  America  to  the  Pacific  of  that  time  (see  Fig.  1032,  p.  236), 
the  waters  of  which  repeatedly  invaded  the  geosyncline  from  the 
south.  On  the  north  this  trough  appears  to  have  been  open  some- 
times to  the  Arctic  region,  and  later  to  the  north  Atlantic  in  the 
New  England-Newfoundland  region,  so  that  these  .waters  as  well 
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Fig.  1003.  —  East-West  and  North-South  sections  of  the  North  American 
continent,  showing  the  relation  of  the  geosynclines  to  the  Canadian  platform 
or  shield  and  to  the  oldiands.  Areas  of  sedimentation  in  black.  The  arrows 
indicate  direction  of  movement  of  material  within  the  earth's  crust  to  establish 
isostatic  equilibrium.  Upper '  horizontal  line  indicates  sea-level.  Vertical 
scale  much  exaggerated.    (Original.) 

were  able  to  enter  the  geosjmclinal  depression.  During  periods 
of  pronounced  depression,  the  invading  seas  spread  westward  as 
shallow  water  bodies  over  the  flat  lands  of  the  interior,  while 
during  periods  of  reverse  movement,  or  relatively  stationary  con- 
ditions, these  lands  were  uncovered  again,  and  the  waters  may  even 
have  withdrawn  entirely  from  the  Appalachian  geosyncline.  At  the 
close  of  the  Palaeozoic,  the  strata  of  the  old  geosyncline  were 
folded  to  form  the  new-bom  Appalachian  Mountains. 

Atlantica.  —  A  land  mass  of  considerable  extent  and  long  dura- 
tion occupied  a  part  of  the  present  north  Atlantic  region ;  its  western 
border  included  eastern  Canada  to  the  shores  of  Hudson  Bay  and 
the  r^on  of  the  Adirondack  Mountains  of  New  York  as  well.  (See 
Fig.  1 186,  p.  336.)   On  the  whole,  this  land  was  low  in  the  west  and 
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was  repeatedly  flooded  by  the  expansion  of  the  epeiric  seas,  but  its 
eastern  portion,  whieh  included  at  one  time  or  another  the  old 
rocks  of  northwest  Europe,  appears  to  have  been  of  bold  relief  and 
was  the  principal  source  of  the  clastic  sediment  for  that  region. 

Cascadia  and  the  CordiUeran  Geosyncline.  —  Another  important 
though  less  well-known  Palaeozoic  land  mass,  to  which  the  name 
Cascadia  has  been  applied,  occupied  the  western  border  of  the 
North  American  continent,  extending  for  an  unknown  distance 
into  the  Pacific  of  to-day.  Along  its  eastern  margin  lay  the  Cor- 
dilleran  geos3mcline  in  which  the  principal  western  Palaeozoic 
deposits  were  laid  down,  and  from  which  the  transgressing  sea 
spread  eastward  until  it  met  the  westward-spreading  Appalachian 
sea  in  the  region  of  the  present  Rocky  Mountain  Front  Range. 
On  the  south,  the  CordiUeran  and  Appalachian  geos3mclines  prob- 
ably communicated  at  times  by  means  of  a  transverse  geosynclinal 
depression  extending  through  Arkansas  and  the  southern  Gulf 
States.  At  other  times,  however,  the  eastern  and  western  geo- 
S3mclines  seem  not  to  have  been  in  communication.  Later  in  the 
Palaeozoic,  the  outlet  to  the  Pacific  across  Central  America  was 
closed,  extensive  land  masses,  the  source  of  much  clastic  material, 
occupying  the  Gulf  of  Mexico  region,  the  present  deep  character  of 
which  is  of  recent  origin.  The  Cascadian  geos3mcline  may,  for  a 
time,  have  communicated  with  the  Pacific  across  southern  Cali- 
fornia, but  its  main  communication  was  with  the  ocean  to  the 
northwest.  Toward  the  close  of  the  Palaeozoic,  the  rocks  formed 
in  this  geosyncline  were  folded,  giving  rise  to  the  Palaeozoic  Cor- 
diUeran Mountain  chain. 

The  Canadian  Shield.  —  The  central  low-lying  land,  forkned  by 
the  surface  of  the  old  Laurentian  Peneplane  and  its  later  modifi- 
cations, was,  as  we  have  seen,  repeatedly  flooded  by  the  expansions 
of  the  waters  from  the  geosynclines.  There  was,  however,  at  various 
times  a  transgression  of  the  sea  from  the  Arctic  regions,  and  it 
was  apparently  along  this  channel  that  conmiunication  with  the 
seas  which  then  covered  central  Europe  was  maintained. 

Paleozoic  Land  Masses  of  Europe 

The  main  Palaeozoic  land  mass  of  Europe  was  Atlantica,  situ- 
ated on  the  northwest.  This  probably  suffered  various  additions 
and  subtractions  during  this  era,  but  remained,  on  the  whole,  the 
principal  source  of  clastic  sediment.    This  land  mass  involved 
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central  Scotland  and  Scandinavia,  and  along  its  southeastern 
border  a  geosyncline  was  developing  with  the  progress  of  sedi- 
mentation, and  in  this  the  principal  Palaeozoic  deposits  of  the 
British  Isles  and  of  the  Baltic  region  accumulated.  This  geos3mcline 
opened  on  the  one  hand  to  the  Atlantic  on  the  southwest,  and  on 
the  other  to  the  sea  which  then  covered  part  of  Siberia  and  which 
was  an  extension  from  the  Arctic.  The  southern  part  of  Europe 
appears  to  have  been  a  continuous  land  mass  in  early  Palaeozoic 
time,  except  for  a  marked  embayment  in  the  Mediterranean 
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Fig.  1004.  —  Sections  across  the  European  continent  showing 
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Fig.  1004.  —  Sections  across  the  European  continent  showing  the  relation- 
ships of  the  geosynclines  to  the  Russian  platform  and  the  oldland.  5-6 ;  7-8, 
Early  Pabsozoic  geosynclines,  the  strata  of  which  were  generally  folded  towards 
the  close  of  Silurian  time.  5 '-6',  East- west  section  showing  the  folded  strata 
of  the  older  Palaeozoic  geosynclines,  and  the  new  geosynclines  in  which  Devo- 
nian and  yoimger  strata  accumulated.  Areas  of  sedimentation  in  black.  The 
arrows  indicate  direction  of  movement  of  material  within  the  earth's  crust  to 
establish  isostatic  equilibrium.  The  upper  horizontal  line  indicates  sea-level. 
Vertical  scale  exaggerated.    (Original.) 

region.  Over  this  relatively  low-lying  land  the  sea  transgressed 
both  from  the  north  and  the  west,  so  that  overlapping  deposits  of 
varying  age  are  found  upon  the  old  rock  in  this  region.  In  later 
Palaeozoic  time  the  Baltic  embayment  was  closed  on  the  Atlantic 
side,  while  the  Mediterranean  embayment  extended  westward 
through  southern  Europe  into  Asia.     (Fig.  1004.) 

Paueozoic  Seas  and  Land  Masses  of  Asia 

In  early  Palaeozoic  time,  central  Siberia  was  occupied  by  an 
embayment  from  the  Arctic  Ocean,  extending  south  to  the  Chinese 
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border  near  the  city  of  Irkutsk.  Its  southeastern  border  is 
marked  approximately  by  Lake  Baikal,  from  which  it  extended 
north  to  the  bend  of  the  Lena  River  above  the  6oth  parallel 
of  latitude.  Its  western  border  is  marked  in  general  by  the 
present  course  of  the  Yenisei  River.  Surrounding  this  Irkutsk 
basin  or  amphitheater  was  a  rim  of  oldland  of  pre-Cambrian 
rocks  from  which  sediments  were  largely  derived.    Parallel  to 
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Fig.  1005.  —  Sections  across  Asia,  showing  the  relationships  of  the  geosyn- 
clines  to  the  Siberian  platform  (Irkutsk  basin)  and  to  the  oldland  in  Palieozoic 
time.  9-10,  11-12,  Early  Palaeozoic  geosyncUnes  the  strata  of  which  were 
folded  towards  the  end  of  Silurian  time ;  q'-io',  ii  ~i2^  Devonian  and  younger 
Palaeozoic  geosyncUnes  formed  in  the  oldland  after  the  folding  of  the  Silurian 
and  older  strata.  Areas  of  sedimentation  in  black.  The  arrows  indicate  the 
direction  of  movement  of  material  within  the  earth's  crust  to  establish  isostatic 
equilibrium.  The  upper  horizontal  line  in  9-10,  11-12  represents  sea-level. 
Vertical  scale  much  exaggerated.     (Original.) 

this  oldland  rim  and  forming  the  margin  of  the  basin,  a  geosyn- 
clinal  depression  appears  to  have  existed,  and  these  three  elements 
—  enclosing  highland,  semi-circular  geosjmcline,  and  low  central 
basin  —  were  thus  in  a  general  way  similar  to,  though  of  less 
areal  extent  than,  the  later  North  American  series  where  the  Appa- 
lachian and  Cordilleran  geosyncUnes,  joined  by  the  transverse 
trough  across  Arkansas  and  Oklahoma,  made  a  close  parallel  to 


Palaeozoic  Seas  and  Land  Masses  of  Asia      217 

the  Siberian  geosyncline  (Fig.  icx^s).  In  the  Siberian  basin,  how- 
ever, only  the  eariier  Paleozoic  strata,  including  the  Silurian,  were 
deposited,  after  which  the  strata  of  the  geosyncline  were  folded  and 
a  new  geos3rncline  was  formed  to  the  south  and  west,  in  which 
Devonian  and  later  sediments  were  deposited.  Some  of  the  later 
Palaeozoic  continental  beds  also  were  laid  down  in  the  Irkutsk 
basin,  but  no  further  marine  invasion  affected  this  area  until 
Mesozoic  time.  It  remained  a^nd  mass  throughout  the  later 
Paleozoic.      (Fig.  1005  •'-*«',  "'""'.) 

A  second  embayment  from  the  North  Pacific  covered  parts  of 
China  in  early  Palaeozoic  time,  but  the  areal  extent  of  this  embay- 
ment is  still  unknown.  Finally  the  Indian  Ocean  transgressed 
partly  over  western  India  in  early  Palaeozoic  time. 

With  these-general  outlines  of  Palaeozoic  seas  and  lands  in  mind, 
we  may  now  proceed  to  a  more  detailed  study  of  the  character- 
istics of  the  several  subdivisions  of  the  Palaeozoic. 
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THE  CAMBRIAN    OR  CAMBRIC 

We  have  seen  that  the  name  Cambrian  formation  was  first 
applied  by  the  Reverend  Adam  Sedgwick,  Professor  of  Geology  in 
Cambridge  University,  England,  to  the  oldest  stratified  rocks  of 
North  Wales,  the  name  being  derived  from  the  Roman  designation 
of  this  region,  the  province  of  Cambria.  Wales  is  a  mountainous 
country  of  much  disturbed  rocks;  the  folding  of  the  strata  has 
been  intense  and  has  taken  place  repeatedly.  The  country  has 
been  much  broken  by  faults  and  there  have  been  many  igneous 
intrusions  and  lava  flows,  especially  in  the  northwestern  region. 
In  spite  of  this,  the  rocks  have  been  metamorphosed  only  to  a 
limited  degree,  so  that  the  old  shales  and  sandstones,  the  grau- 
wackes  or  greywackes  of  the  older  geologists,  and  the  old  lime- 
stones still  preserve  their  fossils,  although  these  are  often  distorted 
and  crushed.  It  was  in  such  a  difficult  country  that  Sedgwick 
worked  out  the  order  of  succession  of  the  oldest  fossiliferous  rocks, 
and  established  the  basal  system  of  the  Palaeozoic  as  generally 
understood. 

Cambrian  rocks  also  occur  in  southwestern  Wales,  and  they 
have  been  found  in  some  of  the  eroded  domes  and  anticlines  in 
western  England.  In  the  far  north  of  Scotland,  where  the  waves 
of  the  north  Atlantic,  parted  by  Cape  Wrath,  have  cut  sections  in 
the  rocks  that  form  the  northern  and  western  coasts,  and  where 
the 'ancient  rivers  and  the  glaciers  have  carved  deep  and  wild 
lochs,  these  ancient  rocks  are  again  seen  in  many  a  bold  cliflf.  But 
they  differ  markedly  from  those  of  North  Wales,  for  instead  of 
greywackes,  the  North  Scottish  series  is  formed  of  great  masses 
of  sandstone,  of  ten  nearly  white,  followed  by  fine-grained  limestones, 
and  the  deformations  of  these  rocks  are  much  less  profound  than  are 
those  of  Wales.  Their  fossils  also  are  quite  distinct,  for  they 
belong  to  a  separate  province  of  the  ancient  Cambrian  sea,  as  we 
shall  see  more  fully  presently. 
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On  the  Continent  of  Europe,  we  meet  with  Cambrian  strata  around 
the  borders  of  the  older  lands  of  crystalline  rocks.  Foremost  in 
importance  are  those  of  Scandinavia,  especially  Sweden,  for  al- 
though the  rocks  there  never  reach  such  great  thicknesses  as  they 
do  in  Wales,  they  are  finer  grained  and  richly  fossiliferous.  More- 
over, they  have  been  disturbed  only  to  a  very  slight  extent,  and 
thus  their  superposition  and  relationships  oan  readily  be  deter- 
mined. The  abundant  fossils  in  them  made  a  subdivision  into 
smaller  groups  feasible,  and  partly  on  this  account  the  Swedish 
Cambrian  rocks  have  gradually  come  to  be  regarded  as  the  most 
typical  on  the  European  continent.  Their  extension  into  Baltic 
Russia  has  enlarged  the  value  of  these  deposits  to  the  stratigrapher, 
who  finds  there  older  members  of  the  series  not  seen  in  Sweden. 

Next  in  importance  in  European  localities  is  the  basin  of  Bohemia, 
where  these  rocks,  though  somewhat  disturbed,  still  retain  their 
fossils  in  a  remarkable  state  of  perfection.  It  was  Joachim 
Barrande  (portrait,  Fig.  743,  p.  13)  a  French  exile,  whose  studies 
gave  to  these  older  Bohemian  rocks  a  world-wide  fame.  True,  the 
series  is  not  as  complete  as  it  is  in  Sweden,  for  the  oldest  and 
youngest  Cambrian  beds  are  absent,  only  the  Middle  Cambrian 
being  represented.  But  these  middle  beds  are  so  richly  fossilifer- 
ous, and  their  fossils  are  so  perfect,  that  central  Bohemia  easily 
takes  the  first  rank  in  point  of  interest  and  importance  in  Euro- 
pean Cambrian  localities.  There  are  a  number  of  other  European 
regions  where  Cambrian  rocks  are  found,  notably,  among  these, 
Spain  and  the  Island  of  Sardinia,  where  great  limestones  of  this 
age  predominate.  These  occurrences,  like  the  others  already  men- 
tioned, are  only  remnants  Irft  after  ages  of  erosion  of  the  beds 
formed  during  the  Cambrian.  Their  former  extent,  so  far  as  can 
be  determined  by  a  variety  of  evidence,  is  indicated  upon  the 
palaeogeographic  maps.  The  student  must  not  forget  that  these 
beds,  when  formed,  were  nearly  horizontal  sheets  of  sand,  mud,  and 
lime,  deposited  upon  the  floor  of  a  shallow  sea,  which  at  that  time 
covered  these  regions,  and  that  the  folding  and  fracturing,  and 
the  elevation  of  these  rocks,  occurred  after  their  consoUdation,  and 
that  since  that  time  they  have  been  subjected  to  erosion  for  millions 
of  years,  so  that  the  wonder  is  that  so  much  of  the  formation  still 
remains. 

Cambrian  rocks  still  cover  large  areas  of  eastern  Asia,  extending 
far  north  into  the  arctic  region  of  Siberia.    They  form  in  part  the 
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surface  rock,  while  other  portions  are  buried  under  younger  strata. 
These  Aaatic  Cambrian  rocks  have  as  yet  been  studied  only  to  a 
limited  degree,  but  enough  is  known  to  ^ow  that  there,  as  ia 
Bohemia,  the  Middle  Cambrian  is  more  frequently  present  than 
either  the  Lower  or  Upper.  In  Australia,  India,  and  Antarctica, 
Cambrian  sediments  are  likewise  preserved,  but  only  in  isolated 
areas,  and  deposits  of  this  age  are  also  found  in  South  America. 
In  North  America,  the  Potsdam  sandstone,  which  Ues  directly 
upon  the  crystallines  of  the  Adirondack  Mountains,  was  long  sup- 
posed to  be  the  oldest  sedimentary  rock,  and  it  was  taken  to 
represent*  the  base  of  the  New  York  System  of  Formations. 

Ebenezer  Emmons  (portnut, 
Fig,  1006), however,  believed  that 
the  rocks  which  formed  the 
Taconic  Mountains  on  the  New 
York-Massachusetts  border,  and 
the  equally  disturbed  rocks  of 
western  Vermont,  belonged  to  an 
older  system,  which  should  take 
its  place  between  the  Potsdam 
sandstone  and  the  crystalline 
basement  rocks.  Though  vigor- 
ously opposed  by  most  geologists 
of  his  day,  his  general  contention 
has  proved  correct,  and  we  now 
know  that  the  Taconic  system  of 
rocks,  as  he  called  it,  though  in- 
Fic.  1006.  —  KwF.fiKiT.B  EuvoNs.  eluding  infolded  and  infaulted 
masses  of  younger  rocks  (Ordo- 
vidan)  is  essentially  the  American  representative  of  the  Cambrian 
system  of  Europe,  while  the  Potsdam  sandstone  represents  the 
very  highest  member  of  this  division,  the  basal  sandstone  of  an 
overlapping  series  of  formations.  The  following  diagram  (Fig. 
1007)  represents  this  relationship  in  very  generalized  form. 
These  disturbed  rocks  belong  to  the  deposits  of  the  Appalachian 
geosj-ncline,  of  which  the  Adirondack  region  forms  the  western 
border,  and  they  therefore  present  only  the  highest  overlapping 
members  of  the  Cambrian  series  (the  Potsdam  sandstone).  Both 
to  the  north  and  the  south,  Cambrian  rocks  of  greater  thickness, 
and  often  highly  calcareous,  form  part  of  the  series  of  sediments 
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of  the  Appalachian  geosyncline.  The  most  noted  localities  in 
the  north  are  in  western  Newfoundland  and  on  the  shores  of 
Labrador,  while  on  the  south  many  localities,  from  New  Jersey 
and  Pennsylvania  to  Alabama,  show  these  rocks  in  outcrop.  For 
the  most  part  they  have  all  been  much  disturbed,  though  the  dis- 
turbance in  the  southern  Appalachians  is  not  so  profound  as  that 
in  the   northern  extension.    These  northern  deposits  appear  to 


Fic.  1007.  —  {a)  Generalized  sectjon  sbowing  the  approiiinate  relationships 
of  the  pre-Cambrian,  Cambriao,  and  early  Ordovician  strata  in  the  Taconic 
Mountain  region.  Note  that  in  the  different  fault  blocks  different  formations 
succeed  the  basal  sandstone  (black),  (fr)  Ideal  or  restored  section  Co  show  the 
lelationshipG  of  these  strata  before  folding  and  faulting.  Note  that  on  the 
west  limestones  succeed  the  basal  sandstone,  while  eastward  the  sands  and 
muds  from  Appalachia  take  their  place,  fonniug  the  Hudson  River  shales  and 
sandstones.    (Original.) 


have  been  at  one  time  continuous  with  those  of  north  Scotland, 
with  which  they  are  in  dose  accord. 

Of  equal -significance,  for  North  American  geology,  are  the 
Cambrian  deposits  which  were  formed  on  the  Atlantic  ade  of 
the  Appalachian  oldland,  and  remnants  of  which  are  preserved  in 
eastern  Newfoundland,  Cape  Breton,  and  New  Brunswick  (the 
Canadian  region),  and  at  several  places  in  eastern  Massachusetts 
(Nahant,  Braintree,  Weymouth,  North  Attleboro,  etc.).  Though 
also  disturbed,  more  so  in  some  sections  than  in  others,  they  con- 
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tain  well-preserved  fossils,  especially  in  the 'Canadian  provinces, 
and  here  too  a  subdivision  similar  to  that  made  in  Scandinavia 
is  possible  and  has  been  carried  out  in  great  detail  by  Dr.  George  F. 
Matthew.     The    series    corresponds  very   closely    to    that    of 
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Fig.  1008.  —  Map  of  North  America,  showing  the  outcrops  of  the  CambriaD 
and  early  Ordovician  rocks.  •  (After  Bailey  Willis,  U.  S.  G.  S.) 

Sweden,  because  these  two  regions  belong  to  the  same  province 
(the  Atlantic). 

By  far  the  greatest  development  of  Cambrian  rocks  in  North 
America  is,  however,  found  in  the  deposits  of  the  Cordilleran 
trough,  and  the  remnants  preserved  to-day  in  southeastern  Cali- 
fornia, in  Nevada,  and  in  the  mountains  of  Utah  and  the  Canadian 
Rockies  are  the  most  extensive  and  most  complete  in  the  world  so 
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far  as  is  known.  Some  of  these  contain  fossils  in  a  surprising  state 
of  perfection,  for  the  soft  parts  of  the  animals  are  in  many  cases 
recognizable  by  their  impressions,  a  condition  of  preservation 
seldom  met  with  even  in  rocks  of  much  younger  age.  They  have 
been  made  the  subject  of  prolonged  study  by  Dr.  Charles  D. 
Walcott,  secretary  of  the  Smithsonian  Institution  (Figs.  1039- 
1041). 

Cambrian  beds  are  also  met  with  in  the  interior  of  North  America. 
Wherever  the  old  crystallines  appear  as  the  surface  rocks  in  the 
United  States  they  are  generally  bordered  by  beds  of  Cambrian 
age,  though  in  some  cases  these  are  overlapped  by  beds  of  younger 
age  (Ordovician).  In  some  sections,  as  in  Minnesota  and  Wiscon- 
sin, and  along  the  Rocky  Mountain  Front  Range,  the  beds  next 
above  the  crystallines  are  the  highest  Cambrian  (essentially  of 
the  age  of  the  Potsdam  sandstone,  Figs.  979-980,  982-984),  but 
in  other  cases,  as  in  the  Ozark  Mountains,  the  Arbuckles,  and 
Central  Texas  (Burnett  Uplift,  Fig.  981),  they  are  older  Cambrian 
rocks.  Finally,  it  must  be  realized  that  in  most  places  in  our 
country  where  the  surface  rocks  are  of  younger  than  Cambrian  age, 
they  bury  beneath  them  the  Cambrian  strata,  which  generally 
(though  not  always)  are  the  first  which  rest  upon  the  crystalline 
basement  (Map,  Fig.  1008). 

With  these  general  facts  of  distribution  in  mind,  we  may  now 
proceed  to  study  the  rocks  and  fossils  of  this  system  in  greater 
detail. 

General  Characters  of  the  CASfSRiAN  Transgression 

In  all  parts  of  the  world  now  known,  the  Cambrian  rests  either 
directly  and  unconformably  upon  the  much  eroded  crystallines  or 
the  folded  Algonkian  strata,  or  it  rests  with  a  disconformable  con- 
tact upon  late  pre-Cambrian  continental  sediments,  as  in  the 
region  underlain  by  the  Belt  Terrane  and  in  some  other  sections 
of  the  earth's  crust.  The  Cambrian  thus  represents  the  first 
undoubted  great  transgression  of  the  seas  over  the  continents,  for 
the  assumed  transgressions  in  pre-Cambrian  time  are  still  without 
the  positive  evidence  afforded  by  undoubted  marine  fossils,  except 
for  the  presence  of  Foraminifera  and  Radiolaria  in  some  of  the 
ancient  rocks  of  Brittany.  In  any  case,  however,  whether  or  not 
there  are  extensive  pre-Cambrian  marine  formations,  all  the  known 
continents  were  dry  land  and  subject  to  erosion  at  the  opening  of 
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Cambrian  time,  so  that  we  find  everywhere  a  distinct  break  at  the 
base  of  the  Palaeozoic  as  now  constituted.  The  first  Cambrian 
sediments,  to  be  sure,  were  not  everywhere  marine,  for  in  a  number 
of  localities,  especially  in  the  southern  part  of  the  Appalachian 
geosyncline  and  elsewhere,  great  masses  of  sand  and  pebbles  were 
deposited  by  rivers  in  the  form  of  alluvial  fans,  before  the  encroach- 
ing sea  reached  those  areas.  Moreover,  as  has  already  been  stated 
(page  1 86),  the  encroaching  sea  found,  nearly  ever3n¥here,  deposits 
of  residual  sand  resting  upon  the  eroded  surface  of  the  oldland, 
and  these  sands  it  reworked  more  or  less  throughout,  and  formed 
of  them  its  first  deposits.  This  is  clearly  shown  by  the  fact  that 
the  Cambrian  practically  everywhere  in  North  America  and  Europe 
begins  with  a  basal  sandstone,  or  more  rarely  a  conglomerate.  It 
may  be  well  for  us  to  note  again  the  reasons  for  concluding  that 
this  basal  sand  was  found  by  the  encroaching  sea,  and  was  not, 
except  in  a  few  cases,  the  first  product  of  marine  erosion. 

The  material  of  this  basal  sandstone  is  generally  a  pure  quartz 
sand,  though  in  some  sections  littie-altered  feldspar  crystals  also 
occur,  giving  it  an  arkosic  character.  If  this  sand  were  the  product 
of  erosion  by  the  encroaching  sea,  or  were  washed  into  it  by  rivers 
bringing  the  complete  product  of  sub-aerial  decay  of  the  old  crystal- 
line basement  rocks,  there  should  be  present  somewhere  a  large 
amount  of  fine  material,  partiy  rock-flour  and  partiy  clay,  the  latter 
resulting  from  the  decomposition  of  the  feldspars.  This  fine  material 
would  be  washed  out  of  the  sand  by  the  waves  and  carried  seaward 
by  the  currents,  and  as  a  result,  the  nexf  deposit  above  the  basal 
sand  in  most  regions  should  be  a  mud-rock  or  shale.  But  this  is 
not  the  case,  especially  over  most  of  eastern  and  central  North 
America,  where  the  basal  sandstone  is  succeeded  by  and  generally 
passes  upward  into,  a  limestone  or  dolomite  of  increasing  purity, 
free,  as  a  rule,  from  argillaceous  material.  Therefore  we  must 
conclude  that  this  fine  material  was  removed  before  the  advent  of 
the  sea,  and  in  general  was  carried  out  of  the  reach  of  its  advance, 
leaving  behind  the  pure  sand.  The  only  agents,  other  than  the 
sea  waves,  competent  to  remove  such  fine  material  are  rivers  and 
wind.  If  these  agencies  reworted  the  sand  during  the  process 
of  removing  the  finer  material,  they  would  impress  upon  it  certain 
definite  structural  characteristics,  most  marked  of  which  would  be 
cross-bedding,  both  of  the  torrential  and  eolian  type.  If  the  sand 
were  entirely  reworked  by  the  transgressing  sea,  this  structure 
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would,  of  course,  be  destroyed ;  but  if  the  original  deposit  were 
very  thick  in  an  area  of  depression,  only  the  upper  portion 
might  be  reworked,  leaving  the  original  torrential  or  eolian  struc- 
ture intact  in  the  lower  part.  In  conformity  with  this  principle, 
we  find  that  where  the  basal  bed  is  very  thick,  as  in  the  eastern 
Adirondack  region,  the  lower  part  still  retains  its  cross-bedded' 
structure. 

When  sands  which  are  subjected  to  wind-drifting  encounter 
pebbles  and  boulders,  these,  we  have  seen  (p.  406,  Pt.  I)  become 
faceted,  that  is,  definite  faces  which  intersect  in  blunt  angles  will 
be  carved  upon  them  by  the  wind-borne  sand.  Such  faceted 
pebbles  (Dreikanier)  are  clearly  indicative  of  wind  work,  but  if 
a  sand  deposit  containing  them  is  much  reworked  by  the  encroach- 
ing sea,  the  sharpness  of  outline  of  the  facets  and  their  intersection 
will  be  destroyed  by  wave  erosion.  Now,  as  we  have  noted  before, 
such  faceted  pebbles,  showing  very  little  wear,  are  found  in  the 
basal  Cambrian  sandstone  of  Sweden  in  some  abundance,  while 
fossils  are  occasionally  found,  showing  that  the  sand  was  reworked 
by  the  sea.  The  slight  wear  of  the  pebbles,  however,  indicates 
that  this  reworking  was  neither  prolonged  nor  profound. 

Having  established  the  fact  of  a  marine  transgression  over 
countries  the  rock  surfaces  of  which  were  covered  more  or  less  widely 
by  residual  sands,  we  may  next  inquire  as  to  the  rate  of  this  trans- 
gression—  was  it  rapid  or  slow,  continuous  or  interrupted  by 
periods  of  retreat?  If  the  transgression  were  rapid,  large  areas 
of  territory  would  be  flooded  almost  simultaneously,  especially 
if  the  surface  of  the  submerging  land  were  relatively  flat.  In 
that  case,  the  marine  organisms  which  would  become  em- 
bedded in  the  basal  sands,  and  in^  the  sediments  immediately 
succeeding,  would  be  of  the  same  species  everywhere,  indicating 
the  same  geological  age.  In  other  words,  the  basal  bed  over  the 
entire  flooded  area  would  represent  essentially  the  same  geological 
horizon.  If,  on  the  other  hand,  the  transgression  of  the  sear  were 
slow,  the  basal  bed  would  not  be  of  the  same  age  throughout, 
for  different  parts  of  the  surface  would  be  submerged  at  suflSciently 
long  intervals  of  time  to  permit  a  change  in  the  character  of  the 
organisms  which  would  be  included  in  the  deposits  at  the  successive 
stages. 

If,  then,  the  basal  sandstone  at  one  locality  contains  only 
Lower  Cambrian  fossils,  and  at  another  only  Middle  Cambrian 
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fossils,  we  are  compelled  to  conclude  either  that  the  second  locality 
was  dry  land  while  the  Lower  Cambrian  deposits  were  forming  in 
the  first,  and  that  it  did  not  become  submerged  imtil  Meso-Cambrian  ^ 
time,  or  that  if  any  Lower  Cambrian  deposits  had  been  formed  there, 
they  were  worn  away  again  before  the  submeigence  of  thjis  region 
in  Meso-Cambrian  tune.  In  that  case  we  should  expect  to  find 
evidence  of  withdrawal  and  readvance  of  the  sea  in  the  form  of 
an  erosion  plane  between  the  Middle  and  Lower  Cambrian  beds 
at  some  locality  where  the  lower  beds  had  not  been  wholly  re- 
moved by  erosion. 

Noting  the  age  of  the  basal  sandstone  in  different  parts,  of 
North  America  or  Europe,  as  indicated  by  its  fossils  or  the  fossils 
in  the  beds  immediately  overlying  it,  we  are  forced  to  conclude 
that  in  general  there  was  a  progressive  advance  of  the  sea  through- 
out Cambrian  time,  seme  regions  becoming  submerged  only  in 
Mid-Cambrian  time,  and  others,  of  very  much  greater  extent, 
only  in  later  Cambrian  time,  though  as  we  shall  see  there  were 
also  periods  of  retreat,  with  erosion,  followed  by  readvance.  On 
the  whole,  however,  the  successive  divisions  of  the  Cambrian  of 
the  North  American  continent  overlap  one  another  in  a  direction 
which  in  general  is  from  the  geosynclines  toward  the  interior  of  the 
continent. 

Subdivision  of  the  Cambrian 

Wherever  the  Cambrian  system  is  fully  developed,  a  considerable 
number  of  formations  may  be  recognized  in  it,  based  usually  u^on 
lithologic  characters  but  also  on  fossil  contents.  These  formations 
are  mostly  of  local  value  only,  but  they  can  always  be  grouped 
into  three  major  divisions  which  represent  the  Lower,  Middle, 
and  Upper  Cambrian  deposits  made  in  early,  mid-,  and  later 
Cambrian  time,  respectively.^  These  three  divisions  are  based 
upon  the  three-fold  character  of  the  Cambrian  fauna,  which  is 
perhaps  more  marked  in  this  respect  than  is  the  case  in  most  later 
systems.  As  we  have  seen,  however,  these  three  divisions  are  not 
present  everywhere,  for  by  overlaps  the.  higher  ones  (Middle  or 
Upper  Cambrian)  in  some  regions  came  to  rest  directly  upon  the 
surface  of  the  oldland. 

1  It  is  customary  to  use  the  prefixes  pdUxo-  (early),  meso-  (mid-),  and  nea-  (new  or 
later)  for  the  time  periods  corresponding,  respectively,  to  the  Lowers  MiddU,  and  Upper 
divisions  of  the  rock  systems. 
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Cambrian  Faunas 

Separatfl  FauiuI  Proviaces.  —  In  the  study  of  the  Cambrian 

faunas  it  becomes  apparent  that  there  are  distinct  faunal  provinces, 


Fig.  iooq.  — Arckaocyatkua  rens- 
ttUerkta,  Cambrisn.  a,  ^>edmeii 
with  cup  partly  broken  so  as  to  shoW 
poriferous  character  of  inner  wall; 
b,  transverse  section  of  upper  end 
further  enlarged.    (After  Walcott.) 


Fic.  \o\o.^  EtkmophyUum 
prajundum.  Longitudinal  sec- 
tion, showing  depth  of  cup 
and  veHcular  structure. 
Cambrian.     <After  Walcott.), 


and  that  the  organisms  of  one  have  little  or  nothing  in  common 
with  those  of  the  others,  which  would  indicate  the  existence  of 
effective  barriers  between  those  provinces,  such  barriers  being  either 


~-  Uedusila  lindslrSita.     A  medusa,  natural  cast.    Cambrian  of 
Sweden..  (After LJrmarsson.) 
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Fig.  1013.  a-j.  —  Lower  and  Middle  Cambrian  Brachiopoda.  a-e,  Acro- 
trelra  gewnw  (a,  ft,  pedicle;  c,  brachial  valve,  X  3);  d,  e,  AtrotkeU  subsidua, 
interior  of  brachial,  exterior  of  pedicle  valve,  X  3 ;  f-h,  ObeUUa  gemma, 
oppoute  valves,  X  6 ;  i-k,  Kulorgina  cinguiata,  enlarged. 
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land,  currents,  etc.,  or  climate.    The  known  provinces  are   the 
Pacific,  the  Atlantic,  and  the  Indian.    The  Pacific  province  was 


Fig.  1014  a. — OboUUa  (DiceUomia)   polilus.  Fig.  1014  b.  —  Linitdtpis 

Natural  size  and  interiors  of  opposite  valves,  acununata.     Pedicle  valve, 

much  enlarged.    Potsdam  aaoditone,    (After  X  a.    Potsdam  sandstone. 

Han  and  CUike.)  (After  Walcott.) 

the  largest,  and  in  North  America,  waters  from  this  province  filled 
the  geosyndines  and  transgressed  over  the  low  land  between.  On 
the  other  side  of  the  ocean,  it 
overlapped  Chinese  territory, 
for  fos^s,  often  of  the  same 
species  as  those  characteristic 
of  the  North  American  Cam- 
brian of  this  province,  have 
been  found  in  China. 

The  Atlantic  province  was 
separated   from   the   Appala-      Fio.   ion  c.  —  LinguUpis  acununaia, 
chian   geosyncline,   which    be-  Internal   moHs  of   pedicle  and  brachial 


eitensiot\,  by  the  land  mass  of 

Appalachia.    This  appears  to  have  extended  through  the  center 

of  Newfoundland,  for  m  the  western  part  of  that  land  deposits 


Flo.  ia\S.'~Ei>9rlMsiesmotUura  (Meek).     A  characteristic  brachiopod  of 
the  uppermost  Cambrian.    Colorado.    (After  Bossier.) 

of  the  Pacific  province  are  found,  while  in  the  extreme  eastern 
part  those  of  the  Atlantic  province  occur.  Other  deposits  of 
the  Atlantic  province  are  still  preserved  in  Cape  Breton,  New 
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Brunswick,  and  eastern   Massachusetts,  while  on   the  opposite 
side  of  the  ocean,  the  Anglo-Bahic  geosyncline  and  a  second  em- 

Fio.  1016.  —  Lower  Cambrian  Gastropoda,  a,  HtkioneUa  rufesa,  3  views 
and  ground  plan;  b,  SlraparoUina  rtmola,  3  views;  c,  Rjsphistomitia  aUUbo- 
rouihetuis      All  enlarged.     (1.  F.) 

bayment,  the  Mediterranean,  which  extended  to  Bohemia,  contain 
deposits  with  the  Atlantic  fauna.    Of  much  interest  is  the  fact  that 


Fio.  10(7.  —  Cambrian  gastropoda  (a-rf),  and  Hyolithida  (Conularida) 
(f-i).  a,  Triblidium  comccum,  side  and  bottom  outline,  U.  C. ;  bb',  PaUaic- 
maa  typUa,  U.  C. ;  t,  Scentlla  rtlkulala,  top  view  and  outline,  L.  C.  (X  ij); 
i,  Scentlla  rclusa,  L.  C.  (reduced) ;  e,  Uyolilhcs  princtp!,  2  views :  cross- 
section  (O  and  operculum  (c").  L.  C.  (  X  J) ;  /,  H.  biUingsi,  2  views  and 
section,  L.  C.  ( X  i) ;  g,  H.  imfar  and  sections,  L.  C. ;  k,  H.  communis,  oper- 
culum, L.  C. ;  I,  llydilhtllus  mUans,  L.  C.  (  X  1} ;  i",  two  opercula  interiors 
(X3);  j,  Salkrdla  pukhtila.  and  section  j\  L.  C.  (X  3);  i,  5.  rujtua, 
L.  C.  (X3).  (L.  C.  -Lower  Cambrian;  M.C.  -Middle  Cambrian;  V-  C. 
=  Upper  Ciunbriau.)     (I.  F.) 
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while  the  deposits  of  Wales  and  the  adjoining  English  districts 
belong  to  the  Atlantic  type,  those  of  northwest  Scotland  belong  to 
the  Pacific  type,  indicating  that  a  sufficiently  continuous  barrier 
extended  for  part  of  the  time,  at  least,  from  central  Newfoundland 
to  the  Scottish  Highlands  and  thence  to  Scandinavia,  and  that 
the  AppaJdchian  geosyncline  was  continued  to  the  north  of  this 
barrier  (Figs.  1033,  1038).  The  Indian  province  was  distinct 
from  both  the  others. 


Fic  1018.  —  EophyUm  ( X  i)  from  the  Ixiwer  CambrisD  of  Lugnaa,  Sweden. 

(From  Haug.) 

Genenl  Chancten  trf  the  Cambrian  Fauna.  —  A  general  review  of  the 
Cambrian  fauna  brings  out  certain  striking  characteristics.  Typical  sponges 
and  corals  are  rare  or  absent,  though  there  is  one  group  ci 
localities  which  has  been  referred  sometimes  to  one 
other  class;  for  example  Arckaocyatku!  and  related  foims  (Figs.  1009,  loio) 
which  in  some  rq^ons  occur  in  such  abundance  a&  to  fonn  reef  Umestones,  Grap- 
toUtea,  too,  are  unknown  except  in  the  highest  beds,  which  are,  therefore,  often 
placed  in  the  base  of  the  Ordovician.  Jellyfish,  however,  appear  to  have 
been  ounmon,  though  they  are  preserved  only  under  most  favorable  conditions 
(Flgi.  loii,  ioi3>.    Bttobm  are  still  unknown  in  the  Cambrian,  but  brachlo- 
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pods  an  not  uncommon.    They  are,  on  the  whok,  of  the  more  primitive  hinge- 
less  types,  the  afaell  of  which  b  but  little  impi^nated  with  lime  and  is  often 


Agnostui  iyilerslrictu!. 
(a)  top  and  (i)  aide 
vieweulaiged.  (AftEi 
Waicott.) 


-Agmalut  piii- 
forrms,  dissociated  parts 
{natural  size)  and  individual 
enlarged.  Upper  Cambrian. 
(After  Kayser.) 


Fig.  loai.  —  Micro- 
discus  speciosus,  entire 
individual,  and  pygid- 
ium  enlarged.  Lower 
Cambrian.     (I.  F.) 


pho^hatic,  so  that  it  generally  fos«lizes  as  a  shiny  black  and  thin  layer.    Among 
the  common  forms  are  the  subspherical  OboltUa  (Figs.  1013  f-h,  1014  a),  the 


Fig.  iai2.—0kneUia  thom^  Fio.  1013.  ~  Fofmia  trJJ|rn  (reduced). 

soni  (reduced).     Lower    Cam-  Lower      Cambrian,     Atlantic     province, 

brian.  Pacific  province.    (L  F.)  North  America.     (1.  F.) 

more  ebngated  Lingpkpis  (Figs.  1014  6,  c),  the  conical  AaoAde  (Figs.  1013  d,  e), 
AcrolrOa  (figs.  1013  a,  c),  and  Kutorgina  (Figs,  1013  i-k)  and  some  others. 
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Fio,   1014.— Bolmia   kjcrvlfi.  Flo.      lOJS- — OinwirfM       eurtkei. 

Lower  Cambrian,  Atlantic  prov-  Middle  Cambrian,    Pacific  province, 

ince,  Europe.     (Kayser.)  (I.  F.) 


1    {■/>) 
Fig.  loii.  — Far adotidtt 
Fig.  1016.  —  Paradoxida  hariani.  Middle      bohtmkas.     Middle    Cambrian, 
m,    Atlantic  province,   Massachu-      Atlantic      province, 
,   XI.     (I.F.)  Xj.     (Kayser.) 
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Toward  the  top,  in  beds  sometimes  placed  in  the  basal  Ordovidaa,  bndiio- 
pods  o{  the  Ortkis  group  with  true  hinge  area  and  articulation  appear  (Fig.  1015). 
Pelecypod  shells  are  haidly  known,  and  gBstropods  are  mainly  represented 
by  the  c^vshaped  or  patelloid  types  (.<£.  more  or  less  conical  forms)  Rekiondla 
.  (Fig.  ioi6a),  Pahacmaa,  Scendla,  etc.  (Figs.  1017  a-rf),  A  few  umple 
coiled  (onus  occur,  however,  such  as  SSraparoBina  (Fig.  roi6  b),  Rha^dslomina 
(Fig.  1016  c).  Cephalopoda  are  wanting  in  the  Cambrian  except  for  a  small 
primitive  OTthoceran  type  (VolbartlirUa).  The  group  of  the  CoDuUridje  b,  how- 
ever, well  represented,  especially  by  Hyoiithez  (Figs.  loi  7  e~h)  and  related  forma 


i.  1018.  —  Crtpicephaius 
tetanus.    Middle  Cambrian,  Fig.  loag.  —  DictUoctphalus  minnesokntu, 

Texas  to  Alabama,  and  Wy-  head  tend  pygidium  (redUced).    Potidam  (St. 

oming.     (Reduced.)     (1.  F.)  Croix)  sandstones.     (1.  F.) 

(Figs.  iotji,j,k).  Tbe  echinodennc  are  rare,  though  primitive  cystoids  have 
been  found  as  well  as  remains  of  holothurians  or  sea-cucumbeis.  The  highest 
beds,  Ttcmadoc,  also  often  referred  to  the  Ordovician,  contain  the  earliest 
known  crinoids  and  starfish,  as  weU  as  sponge  remains  and  giaptolites ;  worma 
obo  existed,  but  are  mostly  represented  by  their  tul>es  in  the  sandstones 
(ScotUiut,  Fig.  762,  p.  43,  Eophyton,  Fig.  1018,  and  others.  See  also  Fig».  1040, 
1041). 

By  far  the  largest  element  of  the  fauna  was  made  up  of  tritobites,  of  which 
many  species  have  t>een  described.  Some  of  these  were  minute  Agnoitiu 
(Figs.  1019,  loio)  and  Microdisctu  fFig.  loii),  their  remains  sometimes  making 
up  thin  beds  of  limestone,  while  others  reached  a  length  of  over  a  foot  and 
a  half  {Paradoxidfs,  Figs.  1016,  loj;).  These  animab  are  the  most  serviceable 
in  d^sti"guishiog  the  diSerent  divisions  of  the  Cambrian  and  at  the  same  tintc 


Cambrian  Faunas 


the  several  provinces.    Whfle  many  types  i> 
diagnostic  senera  are  the  following :  — 


I  each  divison,  the  most 


Pacdic  Piovihce 


Upper  Cambrian 
Middle  Cambrian 
Lower  Cambrian 


DiceSoce^taiia  (Fig.  losg) 
OUnoides  (Fig,  1015) 
(^nettia  (Fig.  1011) 


Okims  (Fig.  1030) 
Paradoxides  (Figs.  1026,  1017) 
Holmia  (Figs.  1013,  1014) 


These  names  are  used  in  their  broader  significance,  for  several  of  the  genera  have 
subgenera  or  closely  related  genera  which  go  by  other  names  and  which  replace 
the  typical  forms  in  some  sections. 
Another  characteristic  American  genus 
ia  Cfepkeplialui  (Fig.  1028). 

Other  crustaceans  also  occur,  but 
are  of  little  value  as  index  fossils  on 
account  of  their  rarity.  -The  remains 
of  a  few  eurypterida  have  been  ob- 
tained, showing  that  the  group  was 
well  developed.  They  probably  lived 
in  the  rivers  of  the  time,  as  did  those 
of  later  periods  and  those  of  the  Belt 
Terrane  deports  as  well.  No  fish  01 
higher  types  are  known.  Of  Cam- 
brian plants,  only  sign  are  Icnown 
(Fig.  1031,  see  also  Figs.  1462- 
146s.  PP-  538-540). 


Fig.  1031.  —  Marpolia  aqaatit 
Walcott.  A  fossil  alga  from  the 
Middle  Cambrian.  (Stephen  forma- 
tion, "fossil  bed,"  northwest  slope  of 
Mount  Stephen.  Above  Field,  B.  C.) 
Portions  are  twisted  together,  giving 
the  a[^>earance  of  a  central  stem; 
X  ».     (After  Walcott.) 


The  Ngnificance  of  the  apparent  sudden  appearance  of  many  of  these  groups 
of  oiganisms  will  be  discussed  in  the  summary  of  the  life  of  the  Palsozok; 
(Chapter  XL). 


Fig.  1030.  —  Olenus  Iruncalus. 
tlHJer  Cambrian,  Atlantic  province. 
(Kayser.) 
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Lower  Cambrian  Waucobian  or  Geor^an  (Fig.  1033).  —  The 
earliest  inva^ons  of  the  Cambrian  sea  upon  the  contineats  took 
place  in  the  geosyndinal  troughs,  and  hence  it  is  in  these  that  we 
find  the  Lower  Cambrian  best  developed.  The  invasions  of  the 
two  American  geosyndiijes  seem  to  have  been  primarily  from  the 
south  Pacific  and  carried  with  them  the  OleneUus  fauna.    It  is 


obvious  that,  other  things  being  equal,  the  region  first  covered  by 
the  sea  will  be  subject  to  longer  submergence  and  to  thicker  de- 
posits than  regions  submerged  later.  Thus  within  the  same  di\'i- 
sion  of  the  Cambrian  (as  recognized  by  the  fossUs)  some  sections 
will  be  thick,  and  these  contain  the  complete  series  of  depodts 
because  they  were  the  first  to  be  submerged ;  others  will  be  thin, 
and  these  contain  only  the  later  members  of  the  series,  because 
submergence  here  took  place  much  later.  Difference  in  thickness 
between  two  sections,  however,  is  merely  an  indication  of  difference 
in  the  time  of  submergence,  not  proof  of  it,  for  this  may  also  be 
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due  to  different  rates  of  deposition  in  the  two  localities,  e^tedally 
if  the  material  is  of  a  different  character.  Difference  in  the  time 
of  submergence,  and  therefore  of  overlap  of  the  fonnations,  can 
only  be  established  if  it  can  be  shown  by  the  faunas  that  the  thinner 
section  includes  only  the  upper  members  of  the  thicker  section. 

One  of  the  thickest  sections  of  the  Lower  Cambrian  deposits 
(nearly  6000  feet)  is  found  in  the  Cordilleran  trough  near  Waucoba 
Springs  in  Inyo  county,  California,  and  for  this  reason  the  names 
Waucobiaa  period  and  Waucobian  division  have  been  used  for 
the  Lower  Cambrian.  The  deposits  are  largely  sands  which  were 
derived  from  the  Cascadian  land  mass  on  the  west.  Eastward 
the  successive  divisions  of  the  series  overhq),  so  that  the  Lower 


Fic.  1033.  —  Cross  section  of  the  Appalachian  Geoayncline  in  Lower  Cam- 
brian time,  sliowing  the  formation  of  sands  on  the  east  (next  to  the  oltiland 
of  Appalachia)  shales  farther  out,  and  limestones  in  the  western  part,  thcM 
RStJDg  with  &  basal  sandstone  (residual)  upon  the  crystallines.  The  sea  is 
Bbown  in  black.     (Original.) 

Cambrian  of  Nevada  and  other  regions  in  the  Great  Basin  are 
much  thinner,  and  represent  only  the  upper  members.  Thus  is 
indicated  an  eastward  transgression  of  die  Lower  Cambrian  sea 
in  this  trough.  In  the  Appalachian  troi^b  the  thickest  deposits 
are  found  in  the  south.  As  already  noted,  the  series  often  begins 
with  conglomerates  and  sandstones  of  continental  (alluvial  fan) 
origin,  the  material  of  these  deposits  being  derived  from  Appala- 
chia. In  general,  sections  which  represent  regions  that  were  dose 
to  the  oldland  of  Appalachia  contain  much  sand  and  conglomerate, 
but  those  farther  away  (westward)  contain  mostly  finer  material  in 
the  form  of  shales,  and  others  contain  mainly  limestone  which 
follows  upon  the  basal  sandstone  (Fig.  1033).  This  shows  that 
sands  and  muds  were  being  washed  into  the  trough  by  rivers 
from  Appalachia,  and  that  only  those  portions  of  the  trough 
which  were  not  reached  by  these  terrigenous  sediments  permitted 
accumulation  of  limestones.    In  this  way  the  great  diversity  in 
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the  character  of  different  sections  is  readily  accounted  for.  Thus 
when  we  find  that  in  northern  New  Jersey  (Hardiston),  in  the 
Hudson  River  Valley  north  of  the  Highlands  (Wappinger  Valley), 
and  in  central  Vermont,  basal  sandstones,  sometimes  with  remains 
of  Olmellus,  are  succeeded  by  fine-grained  but  pure  limestones,  also 
with  characteristic  fossils  of  the  Lower  Cambrian,  we  conclude  that 
these  localiries  represent  a  belt  of  the  old  trough  sufficiently 
removed  from  the  Appalachian  land  to  be  out  of  reach  of  sediments 
from  it.  When,  on  the  other  hand,  we  find  that  in  northern 
Vermont  the  Lower  Cambrian  cont^s  much  fine  shale  (mud-rock) 
as  well  as  limestones,  we  conclude  that  this  region  was  within  reach 
of  the  sediments  washed  in  from  Appalachia  in  Lower  Cambrian 
time.  Again,  when  we  find  that  in  western  Newfoundland  and  in 
northern  Scotland  the  basal  safldstone  —  which  in  north  Scotland 


Fio.  1034.  —  Longitudinal  section  of  the  Appalacbian  Geosyncline,  showing 
the  oveiUps  of  the  Lower  Cambrian  strata  from  the  south  and  north,  against 

the   "Albany  axis"  of  uplift.     (Original.) 

contains  many  worm  tubes,  so  that  it  is  called  "  pipe  rock,"  —  is 
followed  by  limestones,  we  again  conclude  that  these  portions  of 
the  old  trough  were  not  invaded  by  clastic  material  from  the  land ; 
in  this  case,  perhaps,  because  the  land  was  relatively  low  and 
narrow. 

When  we  compare  the  great  thickness  of  the  Lower  Cambrian 
formations  in  the  southern  Appalachian  region  with  the  lesser 
development  farther  north,  it  is  at  once  suggested  that  the  trough 
was  invaded  from  the  south,  and  that  the  tran^ression  took  place 
northward  with  accompanying  overlap  of  successive  horizons. 
This  suggestion  is  confirmed  by  the  fact  that  the  lower  beds  in  the 
southern  Appalachians  are  of  older  age,  as  shown  by  their  fossils 
(Fig.  1034). 

It  was  in  the  shales  of  northern  Vermont,  near  the  town  of 
Georgia,  that  the  (Xmeilus  fauna  was  first  discovered,  but  it  was 
not  until  long  after  that  discovery  that  it  was  recognized  as  belong- 
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ing  to  the  oldest  Palaeozoic  rocks.  Then  the  name  Georgian  was 
proposed  for  this  lower  division  of  the.  Cambrian,  and  this  name 
had  become  widely  used  before  it  was  proposed  to  substitute  the 
name  Waucobian  for  it,  because  the  Waucoba  Springs  section 
represented  a  more  complete  development  of  these  formations. 

Lower  Cambrian  of  the  Atlantic  Province  (Etcheminian). — The 
Atlantic  province  was  characterized  by  the  trilobite  Holmia  and 
its  relatives  {Holmia  fauna),  in  Lower  Cambrian  time,  and  because 
of  its  distinctiveness  from  the  Pacific  province,  the  deposits  of 
which  carry  the  Olenellus  fauna,  a  separate  name,  that  of  Etche- 
minian,  derived  from  a  tribe  of  Indians,  is  sometimes  used  for  it. 
Remains  of  the  Lower  Cambrian  of  the  Atlantic  province  have 
been  discovered  in  eastern  Massachusetts  (Boston  region),  in  New 
Brunswick,  Cape  Breton,  and  eastern  Newfoundland,  on  the 
American  side.  On  the  European  side  (Fig.  1032)  they  are  known 
from  southern  Britain,  especially  Wales,  from  Norway  and  Sweden 
and  the  Baltic  provinces  of  Russia,  all  of  these  forming  deposits 
of  the  Baltic  embayment ;  and  from  Spain,  Sardinia,  etc.,  in  the 
Mediterranean  region,  where  they  form  parts  of  the  deposits  in 
the  Mediterranean  embayment.  In  all  of  these  localities,  except 
those  last  mentioned,  shales  predominate,  showing  that  the  rivers 
supplied  mud  to  the  northern  basin  although  a  few  thin  limestones 
also  occur.  In  the  Mediterranean  region,  on  the  other  hand,  thick 
limestones  were  formed  chiefly  by  the  growth  of  the  peculiar  coral 
or  qx)nge-like  organisms  of  the  ArchcBocyaihus  group.  Where 
these  occur  (Spain,  Sardinia)  we  must  conclude  that  the  waters 
were  free  from  sediment,  these  regions  probably  representing  the 
center  of  the  embayment. 

A  comparison  of  different  sections  in  the  Atlantic  province  shows 
that  there  was*  progressive  overlap  of  the  various  members  of  the 
Lower  Cambrian  toward  the  oldland.  Thus  in  Cape  Breton, 
the  Lower  Cambrian  is  several  thousand  feet  thick.  Thirty  miles 
northeast  of  St.  John,  New  Brunswick,  only  about  1200  feet  of 
these  strata  occur,  while  at  St.  John,  the  Lower  Cambrian  is 
wholly  wanting  (or  replaced  by  continental  beds),  the  marine 
Cambrian  beginning  with  the  middle  division  (Fig.  1035). 

In  southern  Wales,  the  Lower  Cambrian  is  a  thick  series  of 
sandstones  with  characteristic  fossils,  but  in  north  Wales,  nearer 
the  oldland,  it  is  represented  by  unfossiliferous  shales,  sands, 
and  grits,  the  latter  often  feldspathic  and  apparently  chiefly  of 
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continental  origin.  In  Sweden,  usually  only  a  thin  sandstone 
represents  this  division,  while  in  some  sections  the  Cambrian 
begins   with    the    middle    (Paradoxides)   series.    In   the   Baltic 


Fig.  1035.  —  Diagrammatic  section  to  show  the  relationships  and  overlaps  of 
the  Lower,  Middle,  and  Upper  Cambrian  formations,  i.  Cape  Breton  Island, 
Lower  Cambrian  present  in  great  thickness;  2.  Hanford  Brook,  N.  B.,  a 
moderate  thickness  of  Lower  Cambidan  strata  present;  3.  St.  John,  N.  B., 
the  series  begins  with  Middle  Cambrian.    (Original.) 

provinces  of  Russia,  the  series  consists  of  sandstones  and  clays, 
and  a  regular  overlap  may  be  recognized  (Figs.  1036,  1037). 

We  thus  learn  that  in  both  provinces  there  was  a  more  or  less 
continuous  advance  of  the  sea,  with  overlap  of  the^  several  forma- 
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Figs.  1036  (upper)  1037  (lower).  —  Sections  showing  the  relations  of  the 
Cambrian  and  early  Ordovician  strata  and  the  overlaps  in  the  Baltic  region 
of  Europe.  The  upper  diagram  shows  the  Cambrian  strata  essentially  as 
originally  deposited,  the  unshaded  portion  representing  the  part  eroded  during 
the  Upper  Cambrian  retreat  of  the  sea  and  before  the  readvance  of  the  Lower 
Ordovician  sea,  and  the  deposition  of  the  CercUopyge  beds.  The  lower  diagram 
shows  the  relationships  of  the  strata  as  they  existed  in  early  Ordovician  time. 
I.  Baltic  Province  of  Russia;  2.  Southern  Sweden;  3.  Central  Sweden,  where 
the  Ceratopyge  beds  rest  directly  upon  the  old  granite  and  gneiss.'    (Original.) 

tions  of  the  Lower  Cambrian,  but  that  large  areas  of  the  land  of 
that  period  were  not  covered  by^^  sea  until  Meso-  or  Neo- 
Cambrian  time.  -^' 
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Middle  Cambrian  or  Acadian  of  the  Atlantic  ProvinQe  (Eig. 
1038).  —  The  Middle  Cambrian  beds  are  best  known  from  the 
Atlantic  province,  where  they  are  characterized  by  various  species 
of  Paradoxides.  They  are  particularly  well  developed  in  the 
Acadian  region  of  eastern  Canada,  and  on  this  account  the  name 
Acadian  group  has  been  adopted  for  this  division.  The  deports 
are  nearly  always  shales,  though  leome  thin  limestone  beds  also 
occur.    There  is,  however,  little  sand  except  toward  the  top. 

Other  well  known  localities  for  Middle  Cambrian  are  in  eastern 
Massachusetts  (Braintree,  where  these  strata  are  intruded  by  the 
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Quincy  granite),  in  Wales  and  England,  in  Sweden  and  Norway, 
and  in  Bohemia. 

In  several  sections  in  Newfoundland,  a  distinct  break  has  been 
found  between  the  Lower  and  Middle  Cambrian  deposits,  the  two 
being  separated  by  an  erosion  surface,  worn  fragments  of  the  Lower 
being  included  in  the  basal  beds  of  the  Middle  division.  This 
indicates  a  retreat  of  the  sea  at  the  end  of  Lower  Cambrian  time, 
or  else  a  local  uplift  and  erosion.     Such  evidences  have  not  been 
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found  elsewhere,  chiefly  perhaps  because  the  basal  beds  of  the 
Middle  Cambrian  are  seldom  well  exposed.  It  has,  however,  been 
thought  that  the  great  difference  between  the  Paradoxides  and  the 
Holmia  faunas  might  indicate  a  withdrawal  of  the  sea  from  the 
lands  for  a  sufficiently  long  time  to  permit  the  evolution  of  the  new 
(Paradoxides)  fauna,  after  which  the  sea  again  flooded  the  coastal 
lands.    This  must  for  the  present  remain  a  speculation. 

There  is,  however,  very  clear  evidence  that  the  Middle  Cambrian 
sea  transgressed  much  farther  than  .did  the  Lower  Cambrian 
sea  in  this  province,  because  we  find  that  the  Middle  Cambrian 
deposits  frequently,  if  not  generally,  overlap  those  of  the  Lower 
Cambrian.  The  important  localities  where  this  is  shown  around 
the  margin  of  the  Atlantic  are  the  following : 

At  St.  John,  New  Brunswick,  Middle  Cambrian  beds  rest  upon 
the  crystallines  or  upon  continental  beds,  beginning  with  an 
unfossiliferous  basal  sandstone  which,  thirty  miles  away,  where 
the  Lower  Cambrian  underlies  the  Middle,  is  replaced  by  shale 
and  linjestone  with  fossils  (Protolenus  bed).  In  Sweden,  the 
Middle  Cambrian  beds,  with  a  basal  sandstone,  lie  directly  upon 
the  old  rocks  in  a  number  of  localities.  But  by  far  the  best 
illustration  of  this  overlap  is  seen  in  Bohemia,  the  region  made 
classic  by  the  researches  of  the  illustrious  Barrande.  Here  Middle 
Cambrian  beds  are  well  developed  and  rich  in  fossils,  but  they 
rest  directly  upon  an  old  boulder  conglomerate  which,  in  turn, 
lies  upon  the  crystallines.  There  is  no  Lower  Cumbrian  present 
in  this  region,  which  appears  to  represent  the  extension  of  the 
Mediterranean  embayment  in  Meso-Cambrian  time  (Fig.  1038). 

A  unique  condition  is  shown  in  the  Baltic  provinces  of  Russia, 
for  there  the  Middle  Cambrian  beds  are  absent,  while  the  Lower 
Cambrian  itself  is  incomplete  at  the  top,  being  followed  by  the 
very  latest  Upper  Cambrian  or  earliest  Ordovician.  This  is  ex- 
plained as  due  either  to  non-deposition  of  the  Middle  Cambrian, 
owing  to  elevation  of  this  region,  or,  what  is  more  likely,  to  the  re- 
erosion  of  the  Middle  Cambrian  beds  in  Neo-Cambrian  time. 
Similar  conditions  exist  in  some  parts  of  the  Pacific  province,  and 
will  be  referred  to  later. 

Middle  Cambrian  of  the  Pacific  Province.  —  The  Middle  Cam- 
brian deposits  of  the  Pacific  province  carried  an  entirely  distinct 
fauna  from  those  of  the  Atlantic.  No  Paradoxides  is  known  from 
the  vast  area  covered  by  these  deposits,  although  Paradoxides  is 


Stratigraphic  Development 


243 


the  most  abundant  and  characteristic  fossil  of  the  Middle  Cambrian 
of  the  Atlantic  province.  Its  place  is  wholly  taken  by  Oleiufides 
and  related  fonns  of  trilobites.  This  may  be  explained  only  by 
assuming  effective  and  constant  barriers  between  these  provinces, 
these  barriers  being  Appalachia  on  the  one  hand  and  the  Central 
European-African  land  mass  on  the  other.  The  Middle  Cambrian 
seas   of   this  province   entered   both   the   Cordilleran   and   the 


FlO.  1039.  —  A  wonderfully  well-pre- 
wrved  Middle  Cambrian  brace  hiopod 
ciustMXftn  Burtcsia  btUa  Walcott,  X  3, 
donal  vien,  showing  the  internal  stnic- 
tuR  thiougb  the  thin  Carapace,  st,  Stom- 
adi;  i,  intestinal  canal;  kd,  hepatic 
czca;  cl,  connection  between  hepatic 
czca  and  alimentaiy  canal ;  lU,  thoracic 
Icgi  1  ab,  abdominal  region  —  segmenta- 
tion not  preserved.  Middle  Cambrian 
(BuTgesi  shale),  British  Columbia. 
(After  Wskott.) 


Fio.  1040.— Amiikwia  sagU- 

liformis  Walcott.  Flattened 
speciinen  of  a  Middle  Cambrian 
worm  on  shale,  X  3,  Burgess 
shale,  British  Columbia.  (After 
Walcott.) 


j^palachian  troughs  of  North  America  and  transgressed  over  the 
adjoining  lands.  They  covered  parts  of  China  and  perhaps  other 
parts  of  Asia  as  well. 

The  best  developed  sections  so  far  known  are  in  the  Cordilleran 
trough  of  western  America,  where,  in  Alberta,  Canada,  a  thickness 
of  8300  feet  has  been  measured,'  These  rocks  are  mostly  limestones, 

I  llie  name  Albertan  has  been  proposed  by  the  author  lor  the  Middk  Cunbrian  of 
the  Pacific  Province.  — Gcofn^tf/ M<  {/M-MnaUic  Uintral  Depasils  olhtr  Hum  SiU- 
Mitt,  VoL  n,  Chapter  II,  igio. 
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but  they  include  some  beds  of  shale,  one  of  which  has  furnished  a 
remarkable  fauna  of  crustaceans,  worms,  holothurians,  and  other 
organisms,  in  a  wonderful  state  of  preservation,  so  that  in  many 
cases  the  soft  internal  anatomy  maybe  readily  seen  in  great  detail 
(Figs.  103^104,1).  The  extensive  limestone  development  means, 
of  course,  a  long  period  of  time  in  deposition  and  shows  further 
that  little  clastic  sediment  was  carried  into  this  part  of  the 
trough.  Because  the  fauna  of  this  series  appears  to  be  so  differ- 
ent from  that  of  the  Lower  Cambrian,  it  has  been  thought  that 
here,  too,  there  was  a  period  of  complete  withdrawal  of  the  waters 
at  the  end  of  the  Lower  Cam- 
brian and  an  interval  durii^ 
which  the  new  fauna  developed 
from  the  old,  after  which  the 
sea  again  entered  these  troughs. 
No  evidence  of  erosion  has,  how- 
ever, been  discovered  so  far  at 
the  contact  of  the  Lower  and 
Middle  Cambrian  beds,  and  this 
striking  difference  of  fauna  can 
be  explained  in  another  way. 
As  we  have  seen,  the  Lower 
Cambrian  Olenellus  fauna  en- 
tered the  troughs  with  the 
waters  which  spread  from  the 
south.  During  this  time  there 
may  have  been  another  and 
different  Lower  Cambrian  fauna 
in  northern  watera,  which,  be- 
cause of  special  conditions,  de- 
Fic.  i^i.  —  WorlhetKlia  Cambria  veloped  more  rapidly  until  it 
Walcott.  Middle  Cambrian  worm  had  given  rise  to  the  Olmoides 
flattened    on   shale,    X  s.      Burgess     ,  ...         .  t    -n  1 

shale,    British     Columbia.      (After    ^^una    at    the    close    of   Palax>- 
Walcott.)  Cambrian    time.  ,    This    fauna 

then  invaded  the  Cordilleran 
trough  from  the  north  and  so  marks  a  veiy  abrupt  change  in 
organisms.  This  is  quite  in  harmony  with  what  has  repeatedly 
occurred  in  later  times. 

That  the  waters  of  the  Middle  Cambrian  sea  continued  to 
transgress,  is  shown  by  the  overlap  of  the  Middle  over  the  Lower 
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Cambrian  deports  to  the  east  of  the  main  axis  of  the  trou|^. 
Thna  in  Utah,  Montana,  and  elsewhere  in  northwestern  America, 


Flc  1043.  — Weet  Face  of  House  Range,  Utah,  abowing  Lower  and  Middle 
Cambrian  formatioiu.  The  Lower  Cambrian  includes  the  Prospect  Uouotiun 
quartates  (1375  ft.)  and  Pioche  shales  and  sandstones  (115  ft).  The 
Middle  Cambrian  consists  of  limestones,  separated  by  a  bed  of  shale.  (After 
Walcott.) 

the  first  marine  Cambrian  beds  generally  belong  to  the  middle 
division,  resting  upon  the  Belt  Terrane  or  the  Uinta  quartzite 
series  (Fig.  1044).     Id  Oklahoma,  too,  the  overlap  is  shown,  for. 


FlO.  1043.  —  Mt.  Stephen,  Britbh  Columbia,  from  the  north.  0,  Lower 
Cambrian  (Mount  Whyte)  formation,  resting  on  sandy  beds  (St.  Piran  forma- 
tion). The  upper  pait  of  the  mountain  is  formed  o[  Middle  Cambrian  lime- 
stones with  a  shale  bed  (Spence  shale)  between  them.  At  11  is  a  famous  fossil 
bed  of  the  Spence  shale.  The  section  includes  more  than  5800  feet.  (After 
Walcott.) 
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at  the  Arbucile  Mountains  uplift,  limestones  with  late  Middle 
Cambrian  fos^s  foUow  upon  a  basal  sandstone,  which  in  turn  rests 
directly  upon  the  crystallines. 

It  has  been  questioned  whether  the  northern  Appalachian  trough 
was  ever  invaded  by  the  Middle  Cambrian  sea,  but  there  is  some 
evidence  that  this  was  the  case.  Thus  in  Vennont  (Georgia  and 
Highgate  Springs),  and  in  eastern  New  York,  Olenoides  and 
related  genera  have  been  found,  but  in  many  localities,  as  in  the 
slate  belt  of  Vennont,  in  western  Newfoundland  as  well  as  in  north- 
western Scotland,  Lower  Ordovidan  beds  follow  directly  upon  the 
Lower  Cambrian  with  an  erosion  interval,  marked  in  some  cases. 
From  these  facts  we  may  conclude  that  some  Middle  Cambrian 
beds,  at  least,  were  deposited  in  the  northern  part  of  this  trough, 


FiC.  1044.  —  Diagrammatic  section  to  show  the  relationship  of  the  Cam- 
brian strata  to,  and  their  overlaps  upon,  the  late  pre-CatnbriaQ  continental 
deposits  and  the  ancient  crystallines,  along  the  eastern  border  of  the  Pakeo- 
Cordilleran  geosyncline  in  western  North  America.     (Original.) 

but  that  they  were  worn  away  again  during  a  long  period  of 
exposure  in  Neo-Cambrian  time  before  the  beginning  of  the  late 
Upper  Cambrian  transgression  of  the  sea  which  continued  into 
early  Ordovidan  time. 

Turning  now  to  Asia,  we  find  that  while  Lower  Cambrian  strata 
occur  in  part  of  the  Irkutsk  basin,  especially  in  the  lower  Lena 
River  valley  and  on  the  New  Siberian  Islands,  followed  there  by 
Middle  Cambrian  beds,  the  north  Chinese  and  Korean  region  is 
characterized  by  immense  deposits  of  calcareous  beds  which  carry 
only  the  Middle  Cambrian  fauna.  This  is  the  Olenoides  fauna, 
many  spedes  of  which  are  identical  with  those  found  in  western 
America.  These  beds  rest  on  red  sediments,  apparently  of  con- 
tinental origin,  in  which  is  induded  a  remarkable  andent  gladal 
tilUte,  with  scratched  pebbles  and  boulders,  similar  in  appearance 
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to  those  found  in  modern  glacial  tills.  This  old  glacial  deposit 
may  represent  early  Cambrian  time,  but  it  belongs  most  probably 
to  the  pre-Cambrian  (Figs.  998,  999,  pp.  204,  205). 

In  any  case,  it  is  sho^vn  that  the  Middle  Cambrian  beds  widely 
overlap  the  Lower  Cambrian  in  the  Asiatic  region,  as  they  did 
elsewhere,  a  fact  which  emphasizes  the  transgressive  character  of 
the  Middle  Cambrian  sea  as  far  more  pronounced  than  any  le- 
treatal  movement  that  may  have  occurred. 

The  Upper  Cambrian  of  the  Atlantic  Province  (Bretonian). — 
The  thickest  sections  of  this  province  representing  Upper  Cambrian 
deposits  are  found  in  Cape  Breton  and  in  the  New  Brunswick 
regions,  and  for  this  reason  the  term  Bretonian  is  applied  to  this 
division.  Other  sections  are  found  in  Wales  and  England  and  in 
Norway  and  Sweden.  The  characteristic  index  fossil  of  this 
division  is  the  trilobite  Olenus  (Fig.  1030),  which  is  represented  by 
several  species  and  subgenera  in  successive  horizons.  The  small 
trilobite  Agnostus  pisiformis  (Fig.  1020)  is  also  abundant  in  the 
lower  divisions.  In  early  Neo-Cambrian  time  the  Atlantic  was 
still  distinct  from  the  Pacific  province,  but  by  the  dose  of  this 
period  a  junction  of  the  two  provinces  appears  to  have  been 
effected,  as  will  be  shown  presently. 

In  the  east  Canadian  region,  the  upper  Middle  and  the  lower 
Upper  Cambrian  beds  are  sandstones  and  these  are  preceded  and 
followed  by  shales.  This  indicates  shoaling  of  the  sea,  followed 
by  deepening  in  the  region  where  these  sections  occur.  Whether 
actual  emergence  took  place  there  is  not  known  at  present.  That 
such  actual  emergence  occurred  elsewhere  toward  the  end  of  the 
Middle  Cambrian  is,  however,  well  shown  in  other  parts  of  the 
Atlantic  province,  especially  in  Baltic  Russia  and  in  Bohemia, 
for  in  neither  of  these  localities  is  there  any  Upper  Cambrian, 
except  the  so-called  transition  bed  to  the  Ordovician.  In  Bohemia 
it  rests  upon  the  eroded  surface  of  the  Middle  Cambrian,  but  in 
Baltic  Russia  it  lies  upon  the  Lower  Cambrian,  and  this  relation- 
ship, as  we  have  explained,  was  probably  due  to  the  erosion  of 
the  Middle  Cambrian  strata  in  this  region.  In  Wales  the  Upper 
Cambrian  consists  of  sandstones  (Lingula  flags)  ^  followed  by  the 
transition  shales  {Tremadoc),  but  in  some  parts  of  England  (Shrop- 
shire) the  Upper  Cambrian  beds  are  absent,  the  transition  series 
(Tremadoc)  beds  resting  upon  the  Middle  Cambrian  as  in 
Bohemia. 
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There  is  thus  clear  evidence  over  wide  areas  that  the  sea  withdrew 
at  the  end  of  Meso-Cambrian  time  and  did  not  return  until  the 
close  of  the  Cambrian,  when  the  transition  beds,  the  so-called 


Fic.  1045,  —  Palzogeogtaphk  map,  to  ibow  the  distiibudoD  of  land  and 
sea  (black)  at  the  end  of  lat«  Cambrian  or  the  beginning  of  eaily  Ordovknan 
time  {DUtytmema-Ceratopytt  period).     (Original.) 

Tremadoc  division  (often  made  the  base  of  the  Ordovician)  were 
deposited  (Fig.  1045).  It  was  apparently  during  this  interval  that 
the  Middle  Cambrian  beds  were  eroded  from  Baltic  Russia.    The 


Fio.  1046.  —  North  and  south  section  to  show  the  relationslup  of  the  Cam-| 
brian  to  tbe  pre-Cambrian  and  ear1>'  Ordovician  fonnations.  i.  Bobemiaa 
ba^u;  2.  Baltic  Russia;  3.  Southern  Sweden.     (Original.) 

great  transgression  at  the  close  of  the  Cambrian,  which  resulted 
in  the  deposition  of  the  transition  or  Tremadoc  beds  upon  the 
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various  ero»on  surfaras  of  the  Cambrian  rocks  (Lower  Cambrian 
in  Baltic  Rus^,  Middle  Cambrian  in  Bohemia  and  parts  of  Eng- 
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Fig.  1047. — ^  Ideal  section  across  North  America,  approximately  along  the 
fortieth  parallel,  to  show  the  relationships  of  the  Lower,  Middle,  and  Viq>er 
Cambrian  formations  (modified,  after  Walcott).  r.  Pacific  region;  i.  Cas- 
cadia;  3.  Falaocordilleian  geosyncline;  4.  Canadian  platform;  $.  Appala- 
chian geoiyncline;  6.  ^>palachia;  7.  Atlantic  region.  Note  that  the  Middle 
CunbriaQ  is  practically  wanting  in  the  northern  Appalachian  geosyncline,  while 
only  Uppei  Cambrian' beds  occui  over  the  Canadian  platfoim.    (Ori^taal.) 

land,  eariy  Vpper  Cambrian  in  Sweden),  extended  also  over  a 
much  wider  area,  so  that  in  parts  of  Sweden  and  elsewhere  in 
Europe,  the  Tremadoc  beds,  which  are  there  called  more  often 


Fio.  ieu8.  —  Potsdam  sandstone,  Gorge  of  Chateaugay  River,  near  Chateau- 
gay,  St.  Lawrence  County,  N.  Y.  The  hard  quartiitc  forms  vertical  cliffs, 
becanae  of  the  pronounced  jointing,  and  the  great  resistance  to  weathering. 
(Courtesy  N.  Y.  Sute  Museum,  John  M.  Clarke,  Director.) 
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the  Ceratopyge  beds,  named  from  a  characteristic  trilobite  (Fig. 
1055),  overlap  the  Cambrian  strata  and  rest  directly  upon  the 
crystallines  as  the  first  Paheozoic  bed  of  the  region  {Fig.  1046). 

Upper  Cambrian  of  the  Pacific  Province  (Croinan).  —  This  was 
characterized  by  the  trilobite  Dic^iocephalus  (Fig.  1039)  and  some 
other  types  which  are  wide-spread  in  the  deposits  of  this  period 
and  province.  The  greatest  known  development  of  the  sedhnents 
appears  to  be  in  the  region  of  the  southern  Appalachians,  the 
Arbuckle  Mountains,  and  the  Cordilleran  trough,  the  thidmess  in 


Fio.  1049,  —  Potsdam  sandstone  in  Gorge  of  Chateaugay  River,  near  Cha- 
teaugay,  St.  Lawrence  County,  N.  Y.  The  quartzite  here  b  tbin-bedded, 
and  contains  layers  which  weather  more  readily.  The  fall  b  produced  by  a 
harder  bed.    (Courtesy  N.  Y.  State  Museum,  John  M.  Clarke,  Director.) 

these  localities  ranging  from  3000  to  4000  feet,  most  of  the  material 
being  Umestone.  It  is  not  known  at  present  whether  there  is  a 
break  between  the  Middle  and  Upper  Cambrian  sediments  in  these 
regions,  but  the  probability  of  its  existence  is  great,  for  the 
evidence  of  the  withdrawal  before  the  dose  of  Mcso-Cambrian 
time  of  the  sea  from  much  of  the  area  which  it  covered  is  almost  as 
clear  as  it  is  in  the  Atlantic  province.  It  was  at  that  time  that  the 
erosion  took  place  which  removed  most  or  all  of  the  Middle  Cam- 
brian in  the  northern  Appalachian  trough. 

The  tran^ression  inaugurated  in  Neo-Cambrian  time  was  the 
greatest  of  the  period,  for  then,  for  the  first  time,  the  sea  spread 
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over  the  interior  of  the  United  States  as  Ear  north  as  the  Canadian 
boundary.  Over  all  this  region  Upper  Cambrian  strata  rest 
directly  upon  the  pre-Cambrian  fonnations,  and  over  most  of 
this  area  they  represent  merely  the  reworlted  residual  sand  which 
covered  the  old  crystallines.     (Fig.  1047.)     This  basal  sandstone 


Fig.  1050.  —  Potsdam  sandstone  in  Ausable  Chasm.  Grand  Flume  from 
Rapids  down.  The  regular  bedded  hard  quartzite  reasts  weathering  to  a  pro- 
DOUDced  degree,  hence  the  walls  of  the  gorge  are  vertical.  (Courtesy  N.  Y. 
State  Museum,  John  M.  Clarke,  Director.) 


of  Upper  Cambrian  age  has  been  called  the  Potsdam  sandstone,  from 
a  locality  north  of  the  Adirondacks  in  New  York  (Figs.  1048-1050). 
In  Wiscon^  and  Minnesota  it  has  been  named  the  St.  Croix 
formation,  from  which  the  name  Croixian,  now  often  employed  for 
the  deposits  as  a  whole,  has  been  derived  (Figs.  982-984,  p.  185). 
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In  the  Grand  Cadon  region,  it  is  called  the  Tonto  sandstone 
(Fig.  1051,  and  section,  Fig.  988,  p.  190).  Another  name  that 
has  been  used  is  Saratogan,  from  Saratoga,  N.  Y.    Be^des  the 


Fig.  T05i.~^CliSsof  sandstones  of  the  Tonto  Group  in  caAon,  four  miles  noTth 
of  Peach  Springs,  Arizona.     Grand  CaBon  Clife  in  distance.     (U.  S.  G.  S.) 


diagnostic  trilobite  DiceUocephalus,  the  brachiopods  Oboldla 
{DiceUomus)  polila  (Fig.  1014  a)  and  LinguUpis  acuminata  (Figs. 
1014  b,  c)  are  characteristic  of  it. 

The  Closing  Period  of  the  Cambrian 

Throughout  both  the  Atlantic  and  the  Pacific  provinces,  the 

transgression  inaugurated  late  in  Neo-Cambrian  time  continued 


Fic.  1052.  ~  West  face  of  Notch  Peak,  House  Range,  Utah.  The  cliffs 
show  the  Upper  Cambrian  (Notch  Peak)  limestones  140a  feet  thick,  ctqiped 
by  Ordovician  limestone.    (After  Walcott.) 
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without  interruption  into  the  Ordovidan,  so  that,  in  many  sections 
which  the  transgression  did  not  reach  at  the  end  of  Cambrian  time, 
Lower  Ordovidan  beds  rest  directly  upon  the  older  rocks  (whether 


earlier  Cambrian  or  pre-Cambrian).  As  another  result  of  this 
continued  transgression,  a  transition  series  was  formed  between 
the  Cambrian  and  the  Ordovidan  (Figs.  1052,  1053),  in  which  the 
surviving  Cambrian  types  were  commingled  with  the  earliest  Ordo- 
vician  types.    In  the  Atlantic  province,  this  constitutes  the  Trema- 
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doc  series  of  shales,  a  portion  of  which  was  characterized  by  the 
graptolite  Dictyonema  fiabeUiforme  (Fig,  1054).  In  North  America 
beds  of  this  type  have  been  called  Ozarkum  by  Ulrich,  In  the 
Siberian  region  these  are  referred  to  as  the  Ceratopyge  horizon  from 
a  characteristic  trilobite  Ceratopyge  forjicula  (Fig.  1055). 

It  was  during  this  period  of  pronounced  transgression  that  the 
barriers  between  the  provinces  were  partly  broken  down.    The 


Fio.  1054.  —  DUlyonema  JIabdtiformt.  A 
duiacteristic  graptolite  of  the  CambiD-OrdO' 
ridan  tiansidoD  shales  of  Europe  and 
North  ADierka. 


Fic.  loss-  —  Ceratopyge 
forjittda.  A  char&ctcriBtk 
trilobite  of  the  Cambro- 
Ordovician  tiaasition  lime- 
stones of  Europe.  Cepha- 
lon  (a)  and  pygidium  {b). 


Atlantic  invaded  the  northern  Appalachian  trough  somewhere  in 
the  St,  Lawrence  region,  as  is  dearly  shown  by  the  fact  that  shales 
with  Dictyonema  fiabeUiforme  are  found  in  the  Albany  region  of 
eastern  New  York,  The  Siberian  sea  also  became  confluent  with 
the  Baltic  embayment,  as  is  shown  by  the  intermingling  of  the 
Ceratopyge  and  Dictyonema  (Tremadoc)  bunas  (Fig.  1045). 


The  Cambrian  of  India 

The  remarkable  case  of  the  Indian  Cambrian  may  be  briefly 

referred  to.     In  northwest  India,  in  the  so-called  Salt  Range, 

Cambrian  beds,  with  a  fauna  quite  distinct  from  any  known  in 
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the  other  provinces,  rest  upon  red  sandstones  and  shales  which 
contain  a  great  bed  of  rock-^salt  from  which  the  range  takes  its 
name.  From  their  position  it  would  appear  as  if  the  rock-salt 
deposit  is  of  early  Cambrian  or  of  pre-Cambrian  age^  and  therefore 
the  oldest  upon  the  earth.  More  recently  it  has  been  suggested, 
however,  that  this  rock-salt  and  the  enclosing  beds  are  of  Tertiary 
age  and  that  the  Cambrian  beds  overlie  them  as  the  result  of  a 
great  overthrust  or  possibly  an  overturn  fold.  This  appears  to 
be  the  true  relationship. 


CHAPTER  XXXm 

THB  ORDOVICIAN  OR  ORDOVICIC    STSTBM 

Tms  system,  like  the  preceding,  is  a  subdivision  of  the  old 
greywacke  series  of  Wales,  representing  essentially  the  middle 
portion  of  that  complex.  The  rocks  which  belong  to  it  in  northern 
Wales,  the  type  locality,  were  at  first  classed  by  Sedgwick  as  a  part 
of  the  Middle  and  the  whole  of  the  Upper  Cambrian,  but  rocks 
which  contained  similar  fossils  in  South  Wales,  and  clearly  of  the 
same  geological  age,  were  made  by  Murchison  the  type  of  his 
Lower  Silurian.  Partly  because  of  Murchison's  official  position 
as  the  director  of  the  Geological  Survey  of  Great  Britain,  and 
partly  because  of  the  general  adoption  of  his  term  by  Continental 
geologists,  this  system  was  for  a  long  time  known  as  the  Lower 
Silurian,  and  in  most  European  and  American  writings  of  the 
period  preceding  the  last  two  dcpides,  and  upon  all  the  older  geo- 
logical maps,  this  second  system  of  the  Palaeozoic  is  thus  designated. 
The  followers  of  Sedgwick,  however,  continued  to  refer  the  rocks 
in  question  to  the  Upper  Cambrian,  and  it  was  only  sometime  after 
the  proposal  of  the  term  Ordovician  for  this  system,  by  Professor 
Lapworth  (1879),  that  geologists  generally  came  to  the  agreement 
that  this  new  term  satisfiecl  the  requirements  of  exact  nomencla- 
ture. The  name  itself  was  derived,  as  previously  noted,  from  that 
of  the  ancient  Celtic  tribe  of  Ordovices  which  at  the  time  of  the 
Roman  conquest  occupied  the  territory  now  included  in  northeast 
Wales  and  adjoining  parts  of  England  (Shropshire),  that  is,  the 
region  where  the  rocks  of  the  middle  divi^on  form  rugged  peaks 
which  in  some  cases  rise  to  heights  of  nearly  three  thousand  feet. 
(See  map,  Fig.  742",  p.  12.) 

Like  the  Cambrian,  the  Ordovician  rocks  of  Wales  are  strongly 
folded  and  much  broken,  while  igneous  intrusions  and  ancient 
lava  sheets  are  especially  numerous.  In  general,  sandstones  and 
grits  are  most  characteristic  of  the  lower,  shales  of  the  middle, 
and  shales  and  limestones  of  the  upper  part.    At  certain  horizons, 

256 
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the  shales  include  many  graptolites,  while  the  limestones  contain 
brachiopods  and  other  characteristic  fossils. 

Rocks  of  this  period  again  form  high  peaks  in  the  Lake  district 
of  Cumberland  (northwest  England ;  see  map,  Fig.  639,  p.  745,  Pt.  I), 
and  here  too  igneous  rocks  constitute  a  large  part  of  the  series. 
Finally,  the  disturbed  rocks  of  southern  Scotland  belong  largely  to 
this  system,  they  being  commonly  graptolite-bearing  shales.  In 
northwest  Scotland,  on  the  other  hand,  the  rocks  of  this  age  are 
wholly  calcareous  {Durness  limestone). 

Graptolite  shales  also  constitute  an  important  lithic  type  of  the 
rocks  of  this  system  in  Sweden,  but  limestones,  largely  filled  with 
trilobite  and  cephalopod  remains  (Orthoceras  limestone,  etc.), 
alternate  with  the  shales  and  become  the  dominant  type  of  rock 
farther  east  in  Russia. 

One  of  the  most  complete  and  best-known  series  of  formations 
representing  this  system  occurs  in  the  Bohemian  basin,  where 
these  rocks  are  richly  fossiliferous,  constituting  the  second  system 
in  the  subdivision  of  the  Bohemian  Palaeozoic  series  as  developed  by 
Barrande.  They  have  been  so  thoroughly  studied,  and  their  fossils 
so  fully  described,  that  they  are  generally  considered  the  most 
typical  representative  of  the  Ordovician  system  of  Europe.  Ordo- 
vician rocks  are  also  exposed  in  many  other  districts  of  Europe, *but 
they  have  for  the  most  part  been  subject  to  much  disturbance,  and 
their  fossils  are  not,  as  a  rule,  well  preserved. 

A  vast  area  in  northern  Siberia  is  covered  by  rocks  of  this 
system,  and  some  of  these  include  important  beds  of  rock-salt 
Very  little  is,  however,  known  of  them. 

Probably  no  other  region  in  the  world  retains  these  ancient  rocks 
in  such  completeness  and  with  so  little  alteration,  as  does  North 
America,  especially  the  eastern  half  (Fig.  1056).  Many  members 
of  the  series  are  highly  fossiliferous,  and  the  fossils  are  often  beauti- 
fuDy  preserved.  They  were  first  studied  in  the  greatest  detaU  in 
the  state  of  New  York,  where,  as  over  much  of  the  interior,  they 
4ure  nearly  horizontal  and  abound  in  organic  remains.  Hence  the 
standard  subdivision  of  these  rocks  is  based  on  the  New  York 
series,  and  the  current  names  of  the  formations  are  derived  from 
New  York  localities.  Other  important  American  localities  are: 
the  Province  of  Ontario,  the  upper  Mississippi  Valley  region,  the 
Cincinnati  Dome,  and  the  Appalachian  Mountains.  In  the 
southern  Appalachians,  the  rocks  have  suffered  a  certain  amount 
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of  folding,  though  this  is  only  locally  intense,  but  in  the  northward 
extension  of  this  ancient  mountain  system,  where  these  rocks  are 
more  often  shales  and  sandstones,  the  disturbance  was  generally 
very  profound,  so  that  where  they  are  now  exposed,  as  in  the 


Fig.  1056.  —  Map  of  North  America  showing  the  outcrops  of  the  Middle  and 

Upper  Ordovician  rocks.     (After  Bailey  Willis.) 


banks  of  the  upper  Hudson  River,  and  in  the  slate  belt  country  of 
New  York  and  Vermont,  they  are  very  similar  in  appearance  to 
the  old  greywackes  of  Wales. 

In  the  Rocky  Mountains  also,  extensive  limestones  and  other 
rocks  belonging  to  this  system  are  found,  and  they  have  been 
traced  into  Arctic  America.    Nor  are  they  unknown  in  the  southern 
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hemisphere  both  in  the  Old  and  the  New  World,  though  on  the . 
whole  these  southern  phases  are  less  well  known. 

General  Relations  to  Preceding  Formations 

As  we  have  seen,  the  great  marine  transgression  which  began 
in  late  Cambrian  time  continued  into  the  early  Ordovician/  as  a 
result  of  which  the  strata  of  the  latter  period  overlap  the  Cambrian 
in  a  nimiber  of  localities  and  rest  directly,  and  usually  with  a  basal 
sandstone,  upon  the  pre-Cambrian  rocks.  Where  they  succeed  the 
Upper  Cambrian  beds,  they  follow  them  conformably  and  grade 
downward  into  them.  In  a  number  of  cases,  however,  where  Lower 
or  Middle  Cambrian  strata  were  exposed  to  erosion,  these  regions 
were  not  again  covered  by  the  sea  until  early  Ordovician  time,  so 
that  strata  of  that  age  rest  directly  upon  the  eroded  Middle  or 
Lower  Cambrian.  Thus  the  base  of  the  Ordovician  has  one  of  the 
following  relationships : 

1.  Conformably  overlying  Upper  Cambrian. 

2.  Overlapping  the  Cambrian  and  unconformably  resting  upon 
the  pre-Cambrian. 

3.  Disconformably  overlying  Middle  or  Lower  Cambrian. 

Subdivisions  of  the  Ordovician 

New  York  State  Series  of  Formations.  —  Although  the  Ordo- 
vician system  was  originally  described  from  Wales  and  the  adjoin- 
ing districts  of  western  England,  the  most  complete  series  of  sub- 
divisions is  found  in  North  America.  The  formations  were  here 
first  studied  by  Ebenezer  Emmons  (portrait.  Fig.  1006,  p.  220) 
geologist  of  the  second  New  York  district,  who  grouped  them 
together  as  the  Champlain  System  from  the  extensive  exposures  of 
these  beds  around  the  border  of  that  lake.  East  of  Lake  Champlain, 
in  Vermont,  and  in  the  Taconic  range  of  mountains  which  forms 
the  boimdary  line  between  New  York  and  Massachusetts,  the 
rocks  are  strongly  folded  and  partly  nietamorphosed.  These, 
as  we  have  seen,  Emmons  regarded  as  belonging  to  an  older  system 
which  he  called  the  Taconic  system  and  which  he  considered  to 
be  essentially  the  equivalent  of  the  Cambrian  system  of  Sedgwick. 
In  this  he  was  correct  so  far  as  a  part  of  his  system  is  concerned, 
but  besides  this  there  are  infolded  and  faulted  strata  of  Ordovi- 
cian age,  to  which  system  the  whole  series  was  referred  by  most 
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American  geologists  of  Emmons'  time,  llie  discussion  <rf  the  age 
of  these  IcAded  and  metamorphosed  rocks  has  o)me  to  be  known 
as  the  "  Taconic  controversy." 

The  Ordovician  system-is,  however,  incomplete  in  the  Champlain 
valley,  but  a  nearly  complete  succession  is  obtained  by  combining 
the  various  sections  around  the  borders  of  the  Adirondacks.  This 
gives  us  the  following  succession  of  formations  in  descending  order 
for  New  York. 

9.  Queenslon  shale 
Uppei  Ordovkian        8.  Oswego  sandstone 

.   Lorraine  (Pulaski)  shales  and  sandstones 
Cinctoiiatian  6.   Frankfort  shales 

(including  Trenton)     $.  Utica  shales 

.  Trenton  limestone 

.   Black  River  limestones 

.*  Lowville-Chazy  limestones 

.   Beekmantown  group 


Middle  Ordovician 

or  Cllan:^)lainian 

Lower  Ordovician  oi 

Canadian 


Charactekisttc  Sechons 

In  order  that  the  student  may  gain  a  dear  conception  of  the 
relationships  of  the  strata  at  the  present  time,  a  number  of  char- 
acteristic cross-sections  are  introduced. 

Lake  Chunplain  Sectioa  (Fig.  1057).  —  If  we  start  in  the 
Adirondack  Mountains  west  of  Lake  Champlain,  and  go  eastward, 


Fig.  1057.  —  Section  from  the  Adirondacks  across  Lake  OumpUin,  showing 
the  relationships  of  the  formations  (vertical  scale  and  dip  of  strata  greatly 
exaggerated),  i,  Pre-Cambrian  crystallines;  i,  Potsdam  sandstone;  3,  Beck* 
mantown  limestone;  4,  Chazy  limestone;  5,  Trenton  limestone;  6,  Uticft 
shale;  F,  fault.    (Original.) 

'  we  pass  abruptly  from  the  crystallines  to  the  Potsdam  sandstone 
which  dips  here  to  the  east.  Walking  across  the  outcrop,  we 
find  that  the  upper  beds  become  more  calcareous,  forming  the 
Calciferous  Sandrock  of  the  older  geologists,  and  this  gradually 
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beoMnes  less  sandy  until  it  passes  into  a  rather  pure  magnesian 
limestone.     Because  of  its  fine  exposure  in  Beekmantown  township 


Fic.  105S.  — CryptotoSn  praliferutn  Hall.  Glaciated  turfece  oi  CryplowSn 
reef  bed  of  Hoyt  limestone,  northwest  of  Saratoga,  N.  Y.  Erosion  here  has  pro- 
duced natunl  sections  of  thise  masses  showing  the  concentric  structure. 
(Courtesy  N.  Y.  Sute  Museum,  John  M.  Garke,  Director.) 

on  the  Lake,  this  limestone  is  now  called  by  that  name.  It  forms 
the  western  shore  of  Lake  Champlain  at  many  points,  and  its 
total  thickness,  as  measured  in  that  region,  is  about  1800  feet. 
In  its  lower  part  fos^  are  rare,  except  the  calcareous  alga  Crypto- 


Fio.  1059. — Ophikla  compacta.    A  characteristic  gastropod  of  the  Beekman- 
town of  the  Champlain  region.     Opposite  views  and  section. 

iodn  (Fig.  1058)  and  the  flat  coiled  gastropod  Opkilela  compacta 
(Fig.  1059).  Its  upper  beds,  however,  also  called  the  Fort  Casdn 
divi«oa,  contain  many  fossils,  among  which  we  may  mention  the 
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loose-coiled  gastropod  EccUiopierus  (Fig.  1060),  the  trilobite 
Asapkus  {Isoteloides)  ■aikUfiddi  (Fig,  1061),  and  large  cephalopoda 
of  the  Endoceras  type  (Fig.  i  J  38  /)  as  well  as  coiled  forms. 


Fig.  1060.  —  Ecciliaplerus   Iriangu-  FiG.  1061.  —  Atophus  (JsoMviiei) 

lus.    Top  and   side   views.     Charac-      icliitfifldi,  a  characteristic  trilobite  of 

teristic  gastropod  of  BeekmaDtOHD ;      the  Beekmantovm  of  the  Champlun 

Gianiplain  region.  region;    pygidium,  part  of  cepbako 

and  a  free  cheek,    (t.  F.) 

Crossing  into  Vermont  where  the  lake  is  narrow,  we  find  the 
top  of  the  formation  marked  by  an  erosion  surface  with  a  bed 
of  sand  or  pebbles  separating  it  from  the  overlying  Chazy  limestone. 


This  limestone  is  commonly  fine-grained,  producing  the  so-called 
bhick  marble  of  Isle  La  Motte,  formerly  much  used  in  the  flooring 
of  public  buildings  {Fig.  1062).     The  maximum  thickness  of  this 
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formation  here  is  about  900  feet,  and  different  divisions  of  it  are 

characterized  by  different  fossils,  such  as  the  braduopod  Orthis 

costalis  (Fig.   1063),  the  left-handedly  railed 

gastropod    Maclurea  magna   (Fig.    1064)   and 

the  small  plicated  rhynchonelloid  brachiopod 

Camarotachia  plena  (Fig.  1065).     It  is  followed 

by  thin-bedded,  often  somewhat  bituminous 

Umestones    the    Black   Hiver  Trenton   series 

with  many  fossils    mcludmg  brachiopods  of 

the    Orlkts    group    {Dalmanella    testudinaria, 

Fig  1066  a~c  Platystropkia,  Fig.  1066  d,  e),  of 

the  stTophomenoid  group  {PiectamboniUs  sericeus,  Fig.  1066 /-A, 

and   others),  also   by  pelec>pods,   gastropods   and   cephalopods 


0^ 

Fig.  1063.— OrlAu 
coslatis,  a  character- 
istic lower  Chazy 
brachiopod,  and  sec- 


F^O   1064.  —  iiaclnrea  (Uadurtla)  nuftia.     A  characteristic  middle  Chazy 
gastropod      Top  side,  and  bottom  views. 

(orthoceran  types)  and  tnlobitcs,  especially  the  ornamental 
TrinucUus  (Fig.  1067)  and  the  large  Isoteles  gigas  (Fig.  1068)  with  a 
cephalon  and  pygidium 
of  the  same  size.  After 
about  300  feet  of  this 
limestone,  there  follows  a 
series  of  black  bituminous 
shales  known  as  the  Vtica 
shale  in  which  the  trilo- 
bite  Triartkrus becki  (Fig.  933,  p.  143)  and  graptolites  {Diptograptus, 
Climacograpius,  Figs,  iioo  a,  b,  etc.)  are  found.  After  about  600 
feet  ot  these  shales  the  section  b  cut  off  by  a  fault. 


Fio.  1065.  —  Camarolachia  fietKi.     Acbarac- 
teristic  upper  Chazy  brachiopod ;  3  views. 
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Analysis  of  the  Section.  —  In  this  section  the  student  should 
note  the  following:  (i)  Continuous  depodtion  is  indicated  from 
the  base  of  the  Potsdam  sandstone  (Upper  Cambrian)  through 


#.  .^  '§ 


Fic.  1066.  —  Characteristic  Trenton  brachiopods.  a-c,  Ortkis  (Dalmandla) 
lesludinaria,  3  views;  d,e,  Pialyslropkia,  3  views, enlarged ^  /-*,  Pleclambonilrt 
ierictia,3  views (j  of  interior),  enlarged;  i-k,Paraslraphiahemplk<ita,iVKin. 

1800  feet  of  Beekmantown  limestone,  which  begins  with  impure 
sandy  and  unfossiliferous  beds  and  ends  with  pure  fossiliferous 
limestones.  This  succession  indicates  continuous  tran^ession  of 
the  sea  in  which  these  beds  were  deposited,  the  locality  becoming 
more  and  more  distant  from  the  shore,  permitting  purer  limestones 
toaccumulate.  In  other  words,  the  shore  was  steadily  moving  away, 
in  this  case  toward  the  Adirondacks,  so  that  if  the  rocks  since 
d  ^  worn  away  could  be  restored,  we 

^^^^.  ^^^^^        should  find  that  the  Beekmantown 

^^V^^^  ^K^^^  '^^  formerly  reached  a  consid- 
r^^^w  PW^^mW  erable  distance  up  the  flanks  of 
I  I         y  ^^^g3  [I      these  mountains  (Fig.  1069).    This 

'  II  '      implies,  of  course,  that  the'y  once 

overlapped  the  Potsdam  beds  and 
rested  directly  upon  the  crystal- 
lines, a  condition  still  seen  at  Little 
Falls  south  of  the  Adirondacks. 
(a)  We  next  note  the  disconformable  contact  between  the  Chazy 
and  the  Beekmantown,  marked  by  an  erosion  plane  and  a  basal 


Fio.  1067.  —  TrinucUas  con- 
centticus.  A  characteristic  Tren- 
ton trilobite.  North  American. 
Cepbalon,  and  entire  spiecimen. 
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sandstone  in  the  Chazy  series.  This  indicates  a  withdrawal  of 
the  sea  toward  the  end  of  Beekmantown  time  and  a  return  in 
Chazy  time.  As  we  shall 
see  later,  this  withdrawal 
affected  a  wide  area  and 
marked  an  important 
event  in  the  Ordovician. 
After  the  return  of  the 
sea,  so  far  as  our  section 
indicates,  deposition  was 
continuous,  the  waters 
becoming  purer  and 
richer  in  organisms.  The 
fact  that  with  the  b^in- 
nii^  of  Black  River- 
Trenton  deposition  many  FiO-  1068.  — /jfltefej  gigiu  DeKay.  Two 
new  organisms  appeared, 
can  be  explained  as  the 
result  of  the  opening  of  passageways  which  connected  these  waters 
with  the  regions  where  the  new  forms  were' developing.  Finally, 
however,  there  came  an  influx  of  black  bitiuninoua  muds  and  in 
them  were  buried  only  the  graptolites  and  a  few  other  forms. 


fontu  of  this  char&cterbtic  trilobitc  of   the 
'  Trenton.    (From  Bassler.) 


Fig.  io6q. — Section  showing  the  former  extension  of  the  BeekmantowD 
aad  higher  fonnatioiu  od  to  and  perhaps  across  the  Adirondack  Mountains. 
(OrigioftL) 


Cffffl^arijon  tw'/A  OiAw  5edi(w«. —Let  US  now  consider  separately 
the  lower  two  divisions  of  this  section,  the  Beekmantown  and 
Chazy,  and  note  their  characters  elsewhere.  Let  us  keep  in  mind 
the  break  between  them  and  its  significance  in  terms  of  stratigraphic 
history. 

If  we  trace  these  beds  northeastward,  we  find  a  great  thickness 
ctf  limestones  representing  both  the  Beekmantown  and  the  Chazy 
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in  western  Newfoundland,  and  in  northwest  Scotland.  In  both 
regions  the  Beekmantown  rests  disconformably  on  Loner  Cartl- 
brian,  and  it  and  the  Chazy  which  succeeds  have  essentially  the 
fauna  found  in  the  Champlain  Valley.  Evidently  these  regions 
belonged  to  one  and  the  same  province 
in  early  aitd  mid-  Ordovician  time.  We 
do  not  yet  know  whether  in  these  sec- 
tions the  Beekmantown  and  Chazy  are 
separated  by  a  disconformity.  It  may 
be  that  these  regions  lay  too  far  within 
the  basin  to  be  affected  by  the  retreat. 
If  we  now  follow  the  Beekmantown 
and  Chazy  deposits  southward  in  the 
Champlain-Hudson  region,  we  find  that 
both  decrease  in  thickn^a.  The  Beek- 
mantown is  thinner  because  only  the 
lower  members  are  present ;  the  Chazy 
is  thinner  because  only  the  upper  mem- 
bers are  present.  In  other  words,  the 
break  between  the  two  series  becomes 
greater  as  we  proceed  southward.  Thus  the  more  southern  regions 
were  affected  earlier  by  the  retreat  and  later  by  the  re-advance 
than  those  farther  north,  which  means  a  withdrawal  to  the  north. 


Fio.  1070.  —  FhyUograftus 
lypiu,  a  group  of  specimens, 
wlth^  cross-section  of  one 
restored.  Lower  Ordovician. 
(After  Hall.) 


X 


Finally,  when  we  reach  the  Hudson  Valley  near  Albany,  the 
Beekmantown  limestone  b  replaced  by  a  series  of  shales  and  sands 
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(Deepkill),  with  characteristic  giaptolites  (Phyllograptus,  Fig. 
1070,  TetragraptuSf  Fig.  1071,  DidymograptuSj  Fig.  loy  2  yDichograp- 
tus,  Fig.  1073).    The  same  is  true  of  the  upper  Chazy,  which  is 


Fig.  1072.  —  Lower  Ordovician  graptolites.  (a,  Didytnograpius  niUdus; 
b,  enlargement  of  part  of  a  small  individual  of  the  same  species ;  c,  D.  paiulus; 
dy  Cf  portions  of  stipes  enlarged ;  /,  part  of  e  further  enlarged.  DeepkiU 
beds  (Beekmantownian).    (After  Hall.) 


Fio.  1073.  —  Dkkograptus  ocktbrackiatusj'Betkma.ntoym,     (Deepldll).     (After 

Hall.) 
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here  represented  by  the  Normanskitl  shale,  also  with  characteristic 
graptolites  {Ccmograptus,  Fig.  840  D,  p.  99,  CUmacograptus  bicomis. 
Fig.  1074  a,  DiceiUigraptus,  Fig.  1075  a-c,  Dicranograptm,  Fig. 
1074  b,  Dipiogra^us,  Fig.  ioj6  a-b). 


Fic    t074  a.  —  Climaeagraplm  bi-         Fig.   1074  (.  —  DkroHograplut  ra- 

coritis.    A  typic&l  Middle  Ordovician  mosus.    A  typical  Middle  Ordovidan 

graptolite,  specimen  X  >>  and  a  por-  graptolite,  natural  size,  and  a  part 

tion  iurtlter  enlarged.    (After  Hall.)  enlarged,    (After  HaU.) 

Passing  on  into  the  soutlieni  Appalachian  region,  we  find  aa 
increasing  thickness  of  limestones  representing  each  series,  so  that 
in  central  Pennsylvania  there  are  about  2500  feet  of  Beekman- 
town  limestones  and  a  similar  thickness  of   Chazy  limestones. 


Fio.  10750. — Dicellograpius  divarkatas,  enlarged.    A  typical 'Middle  Ordo- 
vician gnq)tolite.    (After  Nicholson.) 

Still  farther  south  in  the  Appalachian  trough,  some  4000  feet  of 
dolomitic  limestones  (Knox  dolomite,  including  the  limestone  of 
the  Natural  Bridge  of  Virginia,  Fig.  355,  p.  426,  Pt.  I)  represent 
the  Beekmantown  and  Upper  Cambrian  beds,  and  another  thick 
series  of  limestones  represents  the  Chazy.    In  many  places  the 
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evidence  of  the  break  between  the  two  is  still  recognizable 
(Fig.  1077).  But  the  most  striking  fact  about  these  deposits  is 
that  the  faunas  of  both  formations  often  differ  decidedly  from 


a  b 

*                      <^  Fio.    1076.  — Middle     Ordovickn 

FlO.  107s  b,c,  —  DUeliograptiu  lex-  graptolites.    a,Diplagrapliu  folinccus. 

lam.    A  typical  Micl<Ue  OrdoviciaD  (NormanskUl  and  LlondEilo)  America 

graptolilc.       b.    Slightly    enlarged;  and  Europe;  b,  Diplcgra^us  acumi- 

c,  nine,  baM  still  more  eolarged.  naUa     (Llandeilo,    Europe.)     Both 

dficboboo.)  enlarged.     (After  Nicholson.) 
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Fia.  1077.  —  Disconfonnable  contact  between  masuve  Beekmantown  at 
the  base,  and  thin  bedded  iq)per  Chazy  (Frederick)  limestone.  Neai  Fiedeikk, 
Muyland.    (Aitei  Basalei.) 
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those  found  in  the  equivalent  fonnations  in  the  Champlain  baan, 
though  similar  forms  ako  occur.    In  the  lower  divisioa  fossils  are 


^■<] 


Fic.  1078.  — OrtAu  WMtptit,  a  characteristic  lower  Beekmantonn  braduopod 
of  the  southern  phase.  (This  shows  characters  intertuediate  between  true 
Ortlds  and  Ddmandia.)     (After  Bassler.) 


8 


Fic.    1080.  —  riwrilomo   acrea.    A 
Fig.  i07Q.~QpAtfetiitmjiii,  a  char-      characteristic   Beekmantown   gastro- 
acteristic     gastropod    of    the    lower      pod.      Newfoundland   and    Boulhem 
Beelcmantown,  southem  phase.  states. 

generally  rare  and  of  small  form  (ostracods*  small  brachiopods, 
gastropods,  etc.,  Figs.  1078-1081).  In  many  sections  the  calcareous 
alga  Cryptozodn  is  a  characteristic  fossil  of  the  lower  beds  (Fig. 


Fig,  1081.  —  Ceraiopea  keitht,  Ulrich.    Opposite  views  of  four  S| 

Beekmantown  gastropod  of  the  southem  phase.    (After  Bassler.) 
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1058,  p.  361).  The  rocks  are  oftea  thin-bedded,  forming  "  ribbon 
limestones,"  while  beds  of  sand  and  so-called  "  edgewise  conglomer- 
ates "  (Fig.  1083)  are  frequent,  indicating  deposition  in  shallow 
waters.  The  organisms 
were  probably  derived  from 
the  Pacific,  and  their  re- 
striction in  size  and  variety 
suggests  unfavorable,  pos- 
sibly cool,  conditions. 

The  succeeding  formation 
of  Chazy  age  also  contains 
a  very  different  fauna,  es- 
pecially in  the  lower  part, 
though  in  the  higher  mem- 
ber the  characteristic 
Champlain  species  are 
found.  In  the  southern  Ap- 
palachians, where  it  rests 
disconfonnably  upon  the 
Knox,<  it  is  called  the  Chick- 
amauga  limestone,  although 
this  series  also  {lontains  h^her  formations;  elsewhere  the  name 
Stones  River  group  is  given  to  it. 

This  difference  in  the  faunas  suggests  at  once  that  the  graptolite- 
bearing  mud  deposits  of  the  Albany  region  formed,  for  a  time  at 


Fic.  1082.  —  Edgewise  cousbmerate, 
teekmantown  formation,  Hagerstown  Val- 
ley, Maryland.     (Alter  Bassler.) 


Fig.  1083.  — North-south  section  in  the  A{q>alachiaD  trough  to  show  the 
barrier  formed  by  the  DeepkiU  shales  (delta  t}^  of  deposit)  between  the  north- 
ern and  southern  Beekmaatown  seas,  and  by  tlie  Normanskill  shales  and  sand- 
stones (also  adelta  deposit)  between  the  northern  typical  Chazy  and  the  southern 
Stones  River  type  of  Chazy.  These  barriers  explain  in  part  the  differences  of 
the  northern  and  southern  types  of  faunae.  The  shales  themselves  carry 
chiefly  graptotites.     (Original.) 


272  The  Ordovician  or  Ordovicic  System 

least,  a.  barrier  between  the  northern  (Champlain-Nenfoundland- 
N.  W.  Scotland)  section  of  the  Appalachian  trough  and  the  south- 
era  one,  and  from  the  character  of  that  rock  and  its  distribution, 
we  conclude  that  it  represents  muds  washed  in  from  Appalachia  on 
the  east  and  built,  more  or  less  in  the  form  of  a  delta,  into  the  sea 
which  occupied  the  trough.  Furthermore,  because  the  beds  are 
thinnest  here,  and  the  break  between  the  two  members  most  pro- 
found, we  conclude  that  this  region  emerged  first,  the  waters  re- 


Fig,  1084.  —  Disconfonnable  contact  of  thin-bedded  lower  Trenton  lime- 
stone upon  eroded  surface  of  massive  upper  Beekmanlown  (Tribes  Ilill)  dolomite 
in  the  gorge  of  Canajoharie  Creek,  New  York.  (For  shale  overlying  the  . 
Trenton  limestone  in  this  gOTge,  see  Fig.  1108.)  (Courtesy  N.  V.  State 
Museum,  John  M.  Clarke,  Director.) 

treating  northeastward  in  the  Champlain,  and  southward  in  the 
southern,  portion  of  the  trough,  and  further,  that  this  same  dis- 
trict was  the  region  last  submerged  in  the  readvance  (Fig.  1083).  In 
some  cases  the  Chazy  is  absent  altogether,  the  Black  River  or  early 
Trenton  beds  resting  disconformably  on  the  lower  Beekmantown  beds 
(Little  FaUs  dolomite)  or  upon  the  upper  Beekmantown  (Fig.  1084). 
Over  the  greater  part  of  North  America  east  of  the  Rockies  we 
find  the  same  pronounced  break  between  the  Beekmantown  and 
Chazy  formations  (here  generally  called  Lower  Magnesian  limestone 
and  Stones  River  group,  respectively).     Over  a  large  part  of  the 
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area  the  horizon  of  the  disconf  onnity  is  occupied  by  a  pure  quartz 
sandstone,  the  St.  Peter,  which  ranges  in  thickness  up  to  200  feet. 
This  sandstone  b  so  pure,  its  grains  are  so  well  rounded  and  assorted 
according  to  dze  (Fig.  1085  a,  b),  that  we  are  led  to  the  conclusion 
that  it  represents  a  series  of  dunes  shifted  about  by  the  winds  while 
the  continent  was  emerging  during  the  retreat  o£  the  sea  south- 
ward and  eastward.  These  sands  successively  covered  the  emerging 
Beekmantown  deposits  as  they  became  exposed,  and  thus,  while 
they  rest  upon  lower  Beekmantown  where  the  emergence  took 
place  early  in  the  retreat  (Minnesota,  Wisconsin,  Mohawk  valley), 
they  rest  necessarily  upon  younger  Beekmantown  beds,  and  tbere- 


FlG.  1085  a,  b.  —  Micro-photographi  of  St.  Peter  tuiA  grains,  enlArged  about 
tt  timet,  a,  from  Missouri;  b,  from  Minneapolis,  Minnesota.  The  giaini 
are  well  rounded  and  of  unifonn  size,  but  differ  in  siie  in  the  two  localities. 
(W.  H.  Sherzer  photo;  from  Cnbau  and  Shener,  Uonrce  FormaHon  of 
Michigan.) 

fore  upon  a  greater  thickness  of  the  formation  as  a  whole,  farther 
south.  Thus,  while  in  the  northern  regions  mentioned,  the  thick- 
ness of  the  Beekmantown  below  the  St,  Peter  sandstone  varies 
from  about  aoo  or  less  to  400  feet,  its  thickness  in  csntral  Pennsyl- 
vania and  in  Oklahoma,  where  it  b  also  covered  by  the  sandstone 
or  its  equivalent,  is  about  3500  feet.  Again,  while  the  Chazy  strata 
overlying  the  St.  Peter  are  over  a  thousand  feet  thick  in  the 
southern  region,  they  are  often  less  than  a  hundred  feet  in  Minne- 
sota and  in  the  Mohawk  Valley  of  New  York  (there  called  Lowville 
group).  The  following  sections  represent  these  conditions  from 
north  to  south  (Fig.  1086). 

In  the  Rocky  Mountain  region  a  similar  sandstone  occurs  at 
this  horizon  (Hardiston  sandstone),  and  it  carries  the  oldest  fish 
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remains  so  far  known.  The  remains  were  apparently  washed  from 
the  land-waters  with  the  sands- as  the  sea  retreated.  The  fish 
probably  lived  in  the  rivers  which  supplied  this  sand.  Similar 
though  more  complex  conditions  also  existed  west  of  the  Rocky 
Mountain  region  in  the  CordiUeran  geosyndine. 

It  is  now  clear  that  the  great  transgressive  advance  of  the  sea 
which  began  in  Upper  Cambrian  time  and  continued  into  the  Lower 


Fio.  1086.  —  o,  Section  from  the  Mohawk  Valley  to  Central  Pennsylvania 
showing  the  overlapping  Cambiian  strata  at  the  base  (with  the  basal  sandstone 
in  black)  rising  progressively  in  tlie  series,  the  offlapping  Beekmantown  beds 
formed  during  the  retreat  of  the  sea,  and  the  succeeding  overlapping  Chazy  beds. 
Note  that  in  the  MohaiA  Valley  late  Chazy  (Lo\TviUe)  or  early  Trenton  lies 
on  lower  Beekmantown  (we  aiaa  Fig.  1084}  or  overlaps  it  testing  directly  upon 
the  basal  sandstone.  *,  Similar  section  from  the  upper  Mississippi  Valley  to 
Oklahoma.  The  section  here  corresponds  to  a  except  that  Ihe  Miaius  between  the 
Beekmantown  and  Chazy  is  occupied  by  the  St.  Peter  sandstone  (also  shown  in 
black).     (Original.) 


Ordovician  (Fig.  1087)  was  followed  by  an  equally  great  retreat 
until  much  of  the  North  American  continent,  except  the  deeper 
parts  of  the  geosyncUnal  troughs,  had  again  become  dry  land, 
much  of  it  being  covered  by  sands  which  were  moved  about  and 
built  into  dunes  by  the  wind  (Fig.  1088) .  The  end  of  this  emergence 
is  the  end  of  Beekmantown  or  Lower  Ordovician  time.  Then 
followed  a  reemergence  during  Chazy  or  Middle  Ordovician  time, 
and  the  St,  Peter  sands  were  reworked  by  the  sea  into  a  basal  bed 
(Fig.  10S9).  This  second  transgression  continued  into  Trenton 
time  (Fig.  1090),  and  as  we  have  seen,  in  some  cases  the  Trenton 
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Ftc.  1087.  —  Palzographic  nuq)  of  North  America  showing  the  greatest 
■dvBoce  of  the  sea  shortly  after  the  opening  of  Falco-OrdovicUn  time  (Beek- 
muttown).    Seas  in  black.    (Original.) 


beds  are  the  first  to  rest  upon  the  erosion  surface  of  the  lower 
or  upper  Beekmantown  (Fig.  10S4,  p.  372). 

In  several  parts  of  the  Appalachian  trough,  as  at  Albany  and 
at  Point  L£vis,  opposite  Quebec,  as  well  as  in  Arkansas  and  even 
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Ftc.  loSS.  — Paheogeographic  map  of  North  America  shoning  the  extent 
o[  the  greatest  retreat  of  the  sea  at  the  end  of  PalKO-Ordovician  (Beekmantoini) 
time.    Seas  in  black.    (Originst.) 

in  the  northern  Cordilleran  trough,  black  muds  with  graptolites, 
of  the  types  characterizing  the  Atlantic  deposits  (Arenig-Llandeilo 
of  Britain,  etc.)  aie  found.  The  muds  probably  indicate  delta 
fonnation,  but  the  graptolites  suggest  that  there  was  a  connection  ' 
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Fig.  10S9.  —  PaJsogeogiapbic  map  of  Nortb  America  showing  the  outliaes 
of  land  and  sea  (black)  at  the  end  of  Meso-Drdovician  (Chazy-Lowville)  time. 
(Origmal) 


at  this  time  mth  the  Atlantic  Ocean.  Apparently,  however,  fev 
other  organisms  than  the  pelagic  graptolites  entered  the  interior 
North  American  waters. 
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Fio.  1090.  —  PalieogeogTB.pMc  m«p  of  North  America  showing  the  greatest 
advance  of  the  sea  (bbck)  id  early  Neo-OnJovidan  time.  (Trenton  epoch.) 
(Oiiginal.) 
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The  Upper  Ordovician  Formations 
In  order  that  the  characteristics  of  the  American  Upper  Ordovi- 

dan  may  appear  more  clearly  we  will  give  several  additional 

sections. 
Section  West  of  the  Adirondacks.  —  A  section  extending  in  a 

general  westerly  direction  from  the  Adirondacks  gives  the  following 

suossdon  of  outcrops  (Fig.  1091). 


FlC.  1091.  —  Section  soutbnestward  from  the  Adirondftcks  and  Black  River 
to  Oswego,  New  York,  showing  the  relationships  and  succession  of  the  Ordovi- 
cian formations.  Length  of  section  about  forty  miles.  Compare  with  section, 
Fig.  1057,  p.  160.     (Original) 

The  contact  line  between  the  sedimentaries  and  the  crystallines 
of  the  western  Adirondacks  is  followed  for  some  distance  by  the 
Black  River.  In  its  bed  and  banks  we  find  the  lowest  sediment 
to  be  a  quartz  sandstone  which  rests  directly  upon  the  crystallines, 


Fic.  109a.  — Quarry  section,  showing  contact  (a  hat)  of  lower  Black  River 
(Leray)  limestone  and  the  upper  thin-bedded  Lowville  (Chazy).  Midway  in 
the  Lowville  is^reef  layer  of  Stromatocaium,  Three  Mile  Bay  station,  Jefferson 
County,  New  York.  (Photo  by  H.  h.  Fairchild.  Courtesy  N.  V.  State 
Museum,  John  M.  Claike,  Director.) 


28o  The  Ordovician  or  Ordovicic  Systran 

and  is  followed  by  a  limestone  series  about  loo  feet  thick.    On 
the  bedding  planes  of  some  of  the  strata  of  this  limestone  are 


FlO.  I09J.  —  Fall  in  the  Black  Kiver  at  Watertown,  New  York.  This  ii 
the  type-locality  for  the  Black  River  (Watertown)  limestone.  The  river 
tumble  over  the  bwer  cherty  member  of  this  rock,  into  the  gorge  cut  into  the 
Lowville  beneath.  (E.  O-  Ultich,  photo.  Courtesy  N.  Y.  State  Museum, 
John  M.  Clarke,  Director.) 

shown  the  cross-sections  of  many  vertical  tubes  filled  with  calcite, 
and  from  the  general  appearance  thus  pioduced,  the  rock  was 
tonnerly  called  Bird's-eye  limestone.  This  formation  b  now  known 


Fig.  1094.  —  Black  River  limestone  near  river,  at  Watertown,  New  York, 
showing  the  "seven  foot  tier"  and  the  upper  portion  of  the  cherty  bed  (seen  in 
the  falls.  Fig.  1093)  beneath.  (E.  O.  Ulrich,  photo.  Courtesy  N,  Y.  State 
Museum,  John  M.  Qarke,  Director.) 
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'  as  the  LowoilU  limeslone,  and  it  is  the  representative  of  the  upper 
Chazy,  carrying,  however,  for  the  most  part,  the  Stones  River  type 
of  fossils  (Fig.  1093).    It  is  succeeded  by  the  Bladt  River  lime- 


stone (Figs.  1093, 1094)  which  is  especially  characterized  by  coral 
heads  (Columnarui,  Fig.  1095),  consisting  of  numerous  prismatic 
tubes  divided  by  horizontal  plates  and  with  longitudinal  ridges  on 


Fig.   1096,  a,  b. — Typical  cephalopods  of   the  Black   River  limestone. 

a,  Attinauras  Unuifiium,  a  longitudinal  section  in  the  rocif,  shoving  tbechat- 

ic  structure ;  b,  Conicccras  atKeps,  a  longitudinal  Kction.    (I.  F.) 
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the  inside  but  without  pores  in  the  walls  of  the  tubes.  Of  other 
characteristic  fossils,  the  cephaiopods  Actinoceras  (Fig.  1096(1)  and 
Gonioceras  (F^.  1096  &)  and  the  ostracod  LeperdUia  JabuliUs  (Fig. 


1097)  may  be  noted.    Then  follow  the  Trenton  limestones  (Fig. 

1098)  typically  exposed  at  Trenton  Falls,  near  Utica,  and  abound- 
ing in  fossils  (Fig.  1099).  They  are  in  turn  succeeded  by  the 
Utica  shale  with  Triartkrus  and  characteristic  graptolites  {Diph- 
graptus  (Glossograptus)  quadrimucrtmatus.  Fig.  noon,  and  C/tmo- 
cograptus  typicalis,  Fig,  iioo  b-c).    Over  this  lies  a  more  sandy 
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I'lc.  1098.  — ■  Trenlon  limestone  in  creek  bank  near  Three  Mile  Bay,  Clayton 
quadrangle,  New  York.  (E.  O.  Uirich,  photo.  Courtesy  N.  Y.  State  Museum, 
John  M.  Clarke,  Director. 

shale  called  the  Frankfort.  This  is  in  turn  followed  by  series 
of  thin-bedded  sandstones  and  shales  well  exposed  on  the  Salmon 
River  at  Pulaski,  N.  Y.,  from  which  place  ihey  take  their  name 
of  Pulaski  shales  (Fig.  iroi).  They  are  charactenzed  by  pelecypods 
{Byssonychia  radiata.  Fig.  1  lo;  a,  Modidopsis  modiolaris.  Fig.  1102  b, 
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etc.)  and  gastropods  {CyrtdUes  ornaius,  Fig.  1103,  etc.).  Together 
with  the  Frankfort  shales  they  constitute  the  Lorraine  formation. 
They  are  capped  by  a  heavy  sandstone,  the  Oswego,  which  forms  a 


Fic.  1099.  —  Trentonlimestone,  in  the  gorgtof  East  Canada  Creek,  Ttenton 
Falls,  New  Yoik,  the  tyyie  locality  for  this  fonnation.     Sherman  Falls  (lowest 
of  the  Trenton  Falls),  in  distance.     (Courtesy   N.  Y.   State  Museum,  John 
M.  Clarke,  Director.)     For  the  characteristic  fos^  of  this  limestone  see  . 
Figs.  io66-ro68. 

fall  in  the  Salmon  River,  and  upon  this  sandstone  rests  a  variable 
thickness  of  red  unfossiliferous  shales,  the  Queenston  series,  which 
forms  the  top  of  the  Ordovician. 

u 


Fic.  iioo,  a-^.  —  Characteristic  graptotite!  of  the  Utica  shale,  a,  Diplo- 
paptus  (Jjlesiograplas)  quadrimucronalus,  showing  enlargement  of  part  of  a 
Stipe  compressed  in  a  slightly  oblique  direction,  still  showing  the  cellules  on 
the  two  sidesT-  6,  c,  Ctimacagraplus  iypicatis:  b,  A  lateral  view  of  the  concave 
ude,  with  the  surface  entire,  showing  the  form  of  the  cell-apertures ;  c,  A  profile 
of  the  same,  showing  the  entire  form  of  the  cell-apertures.     (After  Hall.) 
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Analysis  .of  the  Section.  —  The  first  striking  difference  we  note 
between  this  and  the  ChampLain  section  b  the  absence  of  the 
lower  Beekmantown  beds.  But  if  we  go  some  dbtance  south  along 
the  Adirondack  border  where  the  Lowville  beds  have  been  more 
eroded,  we  see  the  Beekmantown  beds  (LMe  Fails  dolomite) 
appearing  beneath  the  higher  strata.    The  lower  beds  are  again 


Fig.  1 10 1 .  —  View  of  a  typical  outcrop  of  the  Pulaski  shales  (upper  Lorraine) 
on  the  Salmon  River  near  Pulaski,  New  York.  For  characteristic  fossils  sec 
Figs.  1102,  1103.     (Photo  by  C.  H.  Shamel.) 

uncovered  in  the  northwestern  part  of  the  Adirondack  region  (Fig. 
1104).  Thus  it  is  evident  that  in  the  line  of  our  section  the 
Beekmantown  beds  are  overlapped  by  the  Chazy  (Lowville),  while 
the  basal  sandstone,  with  which  the  series  begins,  is  essentially 
the  St.  Peter.  The  Black  River  limestone  is  here  rich  in  fossils, 
many  remarkable  cephalopods  occurring,  besides  the  coral  Colum- 
naria.  The  Trenton  limestone  and  Utica  shale  have  their  usual 
character,  but  a  new  division,  the  Frankfort  shale,  somewhat 
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more  sandy,  appears  above  them.  From  this  fonnation  up- 
ward, the  beds  become  more  sandy  until  the  nearly  pure  quartz 
sandstone  o£  the  Oswego  is  reached,  completing  the  change 
from  limestone   to  blacic  muds,  sandy   shales,  and   sandstones. 


Byttonychia  radiata; 


Then  follow  red  shales  and  sands,  indicative  of  comparative  aridity. 
Evidently  there  is  indicated  here  a  shoaling  of  the  water  after  the 
formation  of  the  Trenton  limestone,  until  the  region  became  dry 
land  and  was  finally  subjected  to  arid  conditions.  All  of  the  higher 
beds  formerly  extended  at  least  to  the  Adirondacks  if  not  over 
them,  and  from  the  fact  that  they  are  thicker 
and  coarser  in  the  Appalachian  Mountains  of 
Pennsylvania  and  Maryland,  we  are  led  to  con- 
dude  that  these  sediments  were  derived  from 
Appalachia  on  the  southeast  and  spread  progres- 
sively over  the  Appalachian  trough. 

Columnar  Sections  across  New  Tork  and  Penn- 
sylvania (Fig.  1105).  —  If  we  consider  a  series  of 
columnar  sections  which  show  the  proportional 
thickness  of  the  various  Ordovician  formations, 

from  Albany  to  Buffalo,  or  across  Pennsylvania     .  ^'5'    '^°^'  ~ 
,  ,  •'  I  ■'A  charactenatic 

from  southeast  to  northwest,  we   note  a  very     LoTraine  gastro- 
striking  change  in  thickness  and  character  of  the     pod.     Cyrtolius 
formations  from  east  to  west.     In  the  east,  the     "■"^'"  (<»).  "«h 
,.  ,  .  .  enlargemeDt     of 

Trenton  limestone  is  very  thin,  sometunes  not     surface  (ft). 
over  30  feet  (Fig.  1106),  and  in  some  sections 
there  is  no  limestone  at  all,  but  the  NormanskiU  shales,  which 
represent  the  upper  Chazy  and  perhaps  the  Black  River  as  well, 
are  followed  directly  by  dark  shales  more  or  less  like  the  Utica 
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shale,  and  these  in  turn  are  succeeded  by  more  sandy  beds  and 
finally  by  sandstones,  the  whole  being  several  thousand  feet  thick. 


Fig.  1104.  —  Bored  surface  of  Theresa  dolomite  {Lower  Beeknantoini) 
showing  solution  along  joint  fissures.  The  stream  here  Sons  for  some  distance 
underground,  breaking  forth  as  a  large  spring.  One  mile  west  of  Lafargeville, 
New  York,  in  the  Thousand  Island  region.  (H.  P.  Gushing,  photo ;  courtesy 
N.  Y.  State  Museum,  John  M.  Clarke,  Director.) 

As  we  proceed  westward,  the  Trenton  limestone  increases  in  thick- 
ness at  a  fairly  regular  rate  by  the  progressive  appearance  of 


Fic.  1 105,  —  Series  of  columnar  sections  across  New  York  showing 
the  change  in  the  character  of  the  Ordovician  sediments  from  east  to  west. 
I,  Saratoga-Altamont  region;  2,  Utiea  region;  3,  Rochester  regbn;  4,  Ni- 
a^ara-Bufialo  region.     (Original.) 

higher  members.    Everywhere  the  limestone  is  followed  by  black 
shale  and  this  by  sandy  shales  and  sandstones,  but  as  the  lime- 
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stones  increase  the  shales  and  sandstones  decrease  in  thickness. 
Finally,  at  Buffalo  and  in  Canada,  farther  northwest,  the  Trenton 
limestones  reach  nearly  a  thousand  feet  in  thickness,  while  the 
shales  and  sandy  beds  are  less  than  half  the  thickness  which  they 
have  in  the  east. 

Explanation  of  these  Sections.  —  There  are  two  ways  in  which 
these  progressive  changes  may  be  explained.  In  the  first  place, 
we  may  consider  that  Trenton  limestones  of  more  or  less  uniform 
thickness  (the  maximum)  were  deposited  over  the  region,  after 


Fig.  1106.  —  Black  mBible  (Lowvflle  or  Amsterdam)  and  overlying  thin- 
bedded  lower  Trenton  (Glens  Falls)  limestone,  in  quarry  at  dens  Falls,  New 
York.    (Courtesy  N.  Y.  Sute  Museum,  John  M.  Clarke,  Director.) 

which  the  more  easterly  districts  became  subject  to  erosion,  a. 
large  part  of  the  limestones  being  again  removed.  Then  followed 
the  deposition  of  the  clastic  beds.  At  first  black  muds  from 
Appalachia  were  spread  over  the  surface,  followed  by  sands, 
muds,  and  finally  by  pure  sands,  the  thickness  decreasing  away 
from  the  source.  If  this  were  the  case,  the  contact  between  the 
limestone  and  black  shale  next  above  it  should  be  an  erosion 
contact,  and  the  first  mud  beds  above  it  should  be  essentially  of 
the  same  age  everywhere  or  only  a  Utile  older  in  the  east.  This 
is  illustrated  in  the  following  diagram  (Fig.  1107). 
The  second  mode  of  explanation  is  based  on  lateral  change  in 
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sediments.  According  to  this  view,  the  lowest  member  of  the 
Trenton  formation  was  not  a  limestone  in  the  east  near  the  shore, 
but  a  mud-rocky  the  two  merging  laterally.  As  time  continued, 
more  limestones  were  deposited  in  the  pure  open  western  waters, 
while  the  muds  from  Appalachia  spread  farther  west,  and  covered 
the  first  limestone  bed  for  some  distance  westward,  merging  finally 
into  the  second  limestone  bed.  The  mud  zone  continued  to 
spread  in  the  same  direction,  occupying  more  and  more  territory 
formerly  characterized  by  limestone  deposition,  but  each  layer 
merging  westward  into  corresponding  limestones.  As  the  mud 
zone  spread,  the  succeeding  sandy  zone  also  spread  in  the 
same  direction,  so  that  the  black  muds  were  followed  by  sandy 

mm  BAST 


Fig.  1 107.  —  Diagram  showing  the  hypothetical  relation  of  the  Trenton 
limestone  and  Utica  shale  on  the  assumption  that  the  two  are  separated  by  a 
hiatus  and  that  the  basal  members  of  the  black  shale  are  essentially  of  the 
same  age  throughout.    (Original.) 

beds.  The  sandy  beds  of  the  west  begin  at  a  higher  level  than 
the  sandy  beds  in  the  east,  just  as  the  base  of  the  blacbmud  begins 
at  a  progressively  higher  level  as  we  proceed  westward.  Thus 
we  have  a  replacing  relationship  of  the  limestones  and  the  shales 
and  sands. 

Such  an  explanation  implies  that  the  limestone  and  black  mud 
are  everywhere  conformable,  and  indeed  pass  one  into  the  other. 
It  further  implies  that  the  age  of  the  first  black  mud  bed  is  not 
the  same  in  all  localities,  but  that  it  becomes  younger  as  we  go 
westward. 

These  are  the  conditions  actually  found,  for  not  only  does  the 
Trenton  limestone  everywhere  pass  conformably  into  the  overlying 
black  shales  with  frequent  alternations  or  interfingerings  of  shale 
and  limestone  at  the  contact,  but  the  age  of  the  first  black  bed  also 
varies  from  place  to  place.  In  the  east,  where  the  limestone  is 
thin  or  absent,  the  black  mud-rock,  known  as  Canajoharie  shale 
(Fig.  1 108)  is  older  than  the  typical  Utica  shale  which  overlies 
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several  hundred  feet  of  limestones,  which  themselves  ace  the 
equivalent  of  the  eastern  black  shale  (Canajoharie).  In  the  Hud- 
son valley  the  entire  Ordovician  series  is  represented  by  shales 
and  sandstones,  these  constituting  the  Budson  River  series.     In 


Fig.  1108.  —  Canajoharie  shale,  of  Trenton  age.  This  is  a  deep  black, 
bituminous  shale  (of  the  Utica  shale  type),  which  r^ilaccs  the  Trenton  lime- 
stone,  sbo^nt  farther  west  in  Trenton  Falls  gorge  (Fig.  loggi).  It  rests  upon 
the  lower  thin-bedded  Trenton  limestone  (Gtens  Falls  limestone),  shown  in  the 
photograph  lower  down  in  this  gorge  (Fig.  1084,  p.  172}.  This  same  limestone 
is  also  shown  in  the  upper  part  of  the  section,  Fig.  1 106,  (Courtesy  N.  Y.  State 
Museum,  John  M.  Clarke,  Director.) 

Penn^lvania,  the  series  is  called  the  Martinsburg  shaU  (Fig. 
1 109).  In  the  west,  the  age  of  the  black  mud  bed  is  younger  than 
Utica,  representing  Frankfort  or  even  Lorraine  horizons.  Thus 
it  is  evident  that  muds  and  sands  were  slowly  encroaching  over 
the  Appalachian  trough,  pushing  the  zone  of  limestone  formation 


290  The  Ordovidan  or  Ordovicic  System 

farther  and  farther  westward.  The  relationship  is  shown  in  the 
following  diagram  (Fig.  1110).  As  in  the  case  of  the  Utica,  the 
eastern  black  shales  are  characterized  by  graptolites  (Fig.  iiii). 


Fig.  nog.  — Lower  Martinsburg  shale  dipping  gently  and  ctiaraclerized  by 
cleavage  at  right  angles.    Near  Hueburg,  Maryland.    (After  Bassler.) 


Economic  Significance  of  thi$  Relationship.  —  As  has  been  shown 
in  an  earlier  chapter  (p.  3SJ,  Pt.  I),  the  black  muds  of  seashore 
origin  are  important  sources  of  oil.   With  the  relationship  here  shown 
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Fic.  mo.  —  Diagrammatic  east-west  section  showing  the  replacing  rdation- 
ships  of  the  "Utica"  shale  and  Trenton  limestone  (repladng  overlap).  Note 
tbat  the  age  of  the  basal  black  shale  members  differs  in  the  different  regions 
and  that  there  is  conformity  throughout. 


it  is  evident  that  the  dbtillation  products  from  the  organic  matter 
in  the  black  shales  may  pass  slowly  westward  along  the  stratifica* 
tion  planes  into  the  limestone,  where,  under  favorable  conditions 
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Fig.  nil. —  Laiiopaptui 
euckaris,  compound  form 
(X4)-  Trenton  (Canajo< 
harie-CoUingwood).  Upper 
Ordovicmn  shales. 


of  porosity  such  as  those  due  to  dolomitization,  and  structure 
(anticlines,  domes,  etc.),  a  considerable  accumulation  of  oil  and 
gas  may  take  place.  As  the  limestone 
is  everywhere  covered  by  such  shale  in 
addition  to  passing  laterally  (eastward) 
into  similar  shales,  the  accumulating 
hydrocarbons  are  prevented  from  escap- 
ing upward.  In  consequence,  we  find 
that  the  Trenton  limestone  of  the  in- 
terior is  in  many  places  an  important 
oil-bearing  horizon. 

The  Upper  Ordovidan  of  the  Central 
and  Western  Regions.  — The  Upper 
Ordovidan  strata  of  the  central  and 
western  United  States  differ  markedly 
from  those  of  the  east.  Instead  of  sand- 
stones and  sandy  shales,  they  are  mostly 
limestones  with  some  shales  and  they  are 
richly  fossUiferous.  In  the  exposures  around  Cincinnati  the  fol- 
lowing divbions  are  recognized,  the  eastern  equivalents  being 
given  opposite. 

14.  Richmond  group  —  Queenstoo  shale 

3.  Maysville  group  —  Oswego  sandstone  and  Pulasld  shales 

2.  Eden  group  —  Frankfort  shales 

1.  Galena  group  —  Utica-Trenton  series. 

The  limestone  is  in  places  followed  by  a  thin  bed  of  black  shale 
which  is  regarded  as  the  westernmost  extension  of  the  Utica. 
From  what  we  have  seen  of  the  replacement  of  the  Utica  by  lime- 
stones westward,  it  is  probably  true  that  the  Galena  includes  the 
Utica  as  well  as  some  of  the  typical  upper  Trenton  of  the  east. 
.  The  three  upper  divisions  are  generally  classed  together  as  the 
Cincinnati  group  and  they  are  rich  in  fossils,  among  which  bryozoans 
and  bradiiopods  play  an  important  part,  often  forming  entire  beds 
of  limestone.  There  is  probably  a  hiatus  or  break  between  the 
Maysville  and  Richmond,  though  it  has  not  been  recognized  in  the 
Cincinnati  region.  Over  the  greater  part  of  the  interior,  however, 
from  the  upper  Mississippi  valley  west  to  the  Rocky  Mountains, 
and  north  and  south  of  this,  the  break  at  the  base  of  the  Richmond 
is   very  marked.     Generally,  the  Richmond   {.Maquoketa)   rests 
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directly  upon  the  eroded  surface  of  the  Galena  limestone ;  in  some 
sections  a  part  of  the  other  formations  may  intervene.    This  shows 


0^ 


Fig.  iiii. — Cycfurn  wtMufa,  the  protoconch of  K gastropod.  Thisoccunin 
enormous  nufflben  in  gome  stiau  and  is  the  source  of  the  Temiestec  pbo^hates. 
{X6.)    (I.  F.) 


Fig.  II 13.  —  Section  in  central  Tennessee,  showing  the  Upper  Ordovkian 
limestones  with  weathered  surfaces,  the  product  of  weathering  (chiefly  the 
residual  shells  of  Cyclora  mintita.  Fig.  11 11,  left  on  solution  of  the  rock),  accu- 
mulating in  depressions  and  forming  the  phosphate  rock  (pb).  The  weathered 
phosphate-bearing  surface  is  covered  by  late  PabeozMC  bUck  shale,  in  the  lower 
part  of  which  some  phosphate  beds  also  occur.  (After  Hayes  and  Ulrich,  Cdum- 
bia  folio,  D.  S.  G.  S.) 

a  widespread  withdrawal  of  the  sea,  probably  at  the  time  of  the 
deposition  of  the  continental  Oswego  sandstone.  Erosion  followed, 
and  then  the  sea  returned  and  the  Richmond  beds  were  deposited. 


,  1 1 14.  —  Robson  Peak,  British  Columbia,  showing  masdve  Ordovidan  lime- . 
Stones,  3000  feet  thick,  overlying  Cambrian  beds.    (After  Walcott.) 
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On  account  of  this  interval,  and  because  in  the  western  sections 
the  Richmond  beds  include  some  advance  types  of  the  Silurian 
fauna,  tlus  horizon  has  been  placed  by  some  in  the  base  of  the 
Silurian.  Where  normally  developed,  however,  the  character  of 
its  fauna  is  undoubted  Upper  Ordovidan. 

In  central  Tennessee,  the  Middle  Ordovidan  beds  have  become 
deeply  eroded  with  the  formation  of  solution  pockets,  the  ero»on 
surface  being  subsequently  covered  by  late  Pabcozoic  black  shale. 
The  Ordovidan  beds  contain  vast  numbers  of  early  pelagic  shell- 
stages  (protoconchs)  of  gastropods  {Cydora  minuta,  Fig.  ma), 
and  because  of  the  phosphatic  character  of  these  shells,  they  form 
valuable  deposits  of  phosphate  of  lime  when  concentrated  in  the 
pockets.  The  relations  are  shown  in  Figure  1113.  In  the  Cor- 
dilleran  trough  of  western  North  America,  the  Ordovidan  is  very 
largely  represented  by  limestones  of  great  [thickness,  from  which 
have  been  carved  many  of  the  lofty  mountain  peaks  of  Utah, 
Nevada  and  the  Canadian  region  (Fig.  1114). 

Closing  Stages  op  the  Auesican  OsDOvictAN 
In  the  Hudson  valley  of  New  York  and  in  parts  of  Pennsyl- 
vania, the  Ordovidan  beds  are  strongly  folded,  and  the  folds  are 
truncated  across  by  an 
erosion  plane.  Upon  this,. 
and  therefore  unconform- 
able with  the  lower  series, 
are  found  Upper  Silu- 
rian, and  in  some  places 
Middle  or  late  Lower 
Silurian,  beds,  and  al- 
though these  have  also 
been  disturbed  by  later 
movements,  the  uncon- 
fonnity  between  the  two 
is  very  marked  (Fig. 
iri5).  From  this  we 
condude  that  the  Ordo- 
vidan beds  were  folded, 
at  least  in  parts  of  the 

Appalachian  trough,  toward  or  after  the  end  of  that  period,  pro- 
dudng  mountain  ranges  where  formerly  the  re^on  was  one  of  sub- 


Fic.  1115. — Unconformity  betweeD  Hud- 
son River  midstones  (nearly  tiorizontal)  and 
Shawangunk  conglomerate,  steeply  inclined 
and  slightly  overturned  to  west.  Near  Port 
Clinton,  Pennsylvania. 
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ddence  and  deposition.  The  present  Taconic  Mountains  on  the 
border  line  of  New  York  and  Massachusetts  are  formed  of  these ' 
folded  Ordovidan  rocks,  and  for  that  reason  the  disturbance  in 
question  is  generally  called  the  Taconic  ReeoltUion. 

This  disturbance  extended  northward  through  Vermont  and  the 
present  St.  Lawrence  Valley,  and  affected  the  Ordovician  and  older 
strata  of  New  Brunswick,  Nova  Scotia,  and  other  regions.  At  the 
same  time  there  appeared  deep-seated  intrusions  of  igneous 
material  in  many  parts  of  New  England  and  eastern  Canada,  and 
these,  together  with  the  heat  generated  by  the  folding,  meta- 
morphosed many  of  the  older  sediments.  Thus  the  Cambrian  and 
earjy  Ordovician  limestones  of  Vermont  were  altered  to  marbles, 
and  the  niud-rocks  of  Vermont  and  eastern  New  York  were  changed 
to  roofing  slates. 

During  this  period  of  folding,  several  of  the  domes  of  the  interior 
region  also  had  their  first  important  upward  movement,  among 
these  being  the  Cincinnati  Dome,  while  the  Nashville  Dome  to  the 
south  appears  to  have  had  an  initial  upward  arching  at  an  earlier 
period. 

Ordovician  of  Europe  and  Asia 

The  Ordovician  deposits  of  Europe  are  mainly  confined  to  the 
Baltic  and  the  Mediterranean  regions,  for  at  that  time  both  were 
embayments  from   the 
Atlantic  as  they  are  to- 

)day.  The  Baltic  geo- 
syncline,  however,  cov- 
ered England  and  Wales 
and  part  of  southern 
Scotland  as  well,  and  its 
northeastward  exten- 
sion included  a  consid- 
erable area  in  Norway 

,,     ,    ^.   ,.  ,  ,      „    ...         and    Sweden,    on   the 
Fio.  1116.  —  Megalaspts  hrubola.    Fygidium.  "  u     '     j  u 

A  characteriatic  Lower  Ordovician  ttilobite  of  nort".  and  northern 
Europe.  Russia  on  the  east.  The 

Mediterranean  embay- 
ment  extended  to  Bohemia  and  some  distance  beyond.  In  Asia, 
the  main  Ordovician  basin  was  that  of  Irkutsk  in  Siberia  which,  it 
will  be  recalled,  was  a  southward  extension  from  the  Arctic. 
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As  we  have  seen,  toward  the  end  of  the  Cambrian  occurred  the 
great  transgression  which  resulted  in  the  formation  of  the  transi- 
tion deposits  (Tremadoc  or  Ceratopyge  beds),  over  the  eroded 
surfaces  of  the  older  rocks.  By  this  time  the  Baltic  and  Siberian 
seas  had  become  confluent.  Then  followed  depo^tion  of  shales 
and  sandstones  (Arenig)  m  the  British  region,  these  enclos- 
ing, besides  many  other  fossils  (trilobites,  etc.)>  the  characteristic 
graptolites:  Tetragraptus  (Fig.  1071),  PJtyliograptus  (Fig.  1070), 
'  etc.,  also  found  in  the  Deepkill  and  other  shales  of  eastern  America. 


Fio.  1117.  —  Sea-cave  in  cUffs  ot  Dumeu  limestone  (Cambro-Ordovician) 
Smoo  C&ve,  Dumess,  Sutherland,  Scotland.  (Geol.  Survey  of  Great  Britob, 
photo;  from  Lake  and  Rast&ll.) 

In  the  Siberian  region,  on  the  other  hand,  limestones  were  formed, 
and  these  include  characteristic  trilobites  with  large  pygidia  belong- 
ing to  the  genus  Megalaspis  (Fig.  iri6).  These  limestones  ex- 
tended eastward  into  the  Baltic  provinces  of  Russia  and  into 
southern  Sweden,  etc.,  where  they  came  in  contact  with  the 
graptolite  shales  and  more  or  less  interfingered  with  them.  In 
northwest  Scotland,  the  Lower  Ordovidan  is  wholly  represented 
by  limestones  {Dumess  limestone,  Fig.  1117),  which  rest  dis- 
conformably  upon  Lower  Cambrian  limestones  of  similar  char- 
acter. "Hiese  relations  are  shown  in  the  following  ideal  section 
(Fig.  1 118). 
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The  great  St.  Peter  emei^nce  is  also  marked  in  this  region,  for 
everywhere  the  Ordovician  rocks  are  terminated  by  an  erosion 
plane,  above  which  follow  the  Middle  Ordovician  beds.    In  Great 


Fig.  1 1 1  S.  —  Ideal  section  Qlustrating  the  rektiMuhips  of  the  seveni  types 
of  Lower  Ordovician  deposits  in  North  Europe.  North  Scotland:  Ds,  Dur- 
ness limestone  (see  Fig,  1032),  England:  D,  Dktyonema  shales;  Pk,  Phylh- 
grapfu!  ihalei.  Siberia:  C,  Crriiii>^g«  limestone ;  M ,Megatas pis  iimcstojie. 
(After  Gmbau.) 

Britain  these  Middle  Ordovician  deposits  are  known  as  the 
Llandeih  series,  and  they  contain  some  heavy  contineDtal  con- 
glomerates, though  largely  made  up  of  shales  and  .sandstones. 
Graptolites  {Dicellograptus,  Fig.  1075  a~c,  Climacograptus,  Fig. 
1074  a,  etc.)  are  very  characteristic,  the  upper  LUndeilo  beds 
having  practically  the  same  graptolites  that  are  found  in  the  Nor- 
manskill  rocks  of  America.  These  beds 
often  show  the  distribution  and  charac- 
ter of  near  shore  or  delta  deposits.  As 
in  America,  the  transgressive  Middle 
Ordovician  beds  show  overlap  in  their 
several  members,  but  there  is  no  inter- 
vening sandstone  of  the  St.  Peter  type. 
In  Russia,  too,  and  in  Scandinavia,  the 
overlap  of  the  transgressing  Middle  Or- 
dovician series  is  marked,  the  beds  being 
largely  composed  of  limestones  and  char- 
acterized by  Asaphvs  expansvs  (Fig. 
1119),  and  other  trilobites.  The  rela- 
Fic.  1.19.— ^lo^iwe^  tionship  of  the  Lower  to  the  Middle 
MiddeOrfoviciaTtrilobit'^  Ordovidan  beds  in  this  region  is  shown  ' 
of  Europe.  in  diagrammatic  manner  in  the  following 

ideal  section  (Fig.  mo).  The  Lower  and 
Middle  Ordovician  limestones  of  the  Baltic  region  are  generally 
known  as  Orthoceras  limestone  from  the  abundance  of  orthoceran 
cephalopods  (Fig.  1121).     In  northern  France,  on  the  south  side 
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of  the  Baltic  embayraent,  a  similar  disconformable  relatioa  exists 
between  the  Middle  and  Lower  Ordovician. 

Turning  to  the  MedttenaneaQ  embayment,  we  find  the  Lower 
Ordovician  beds  represented  by  the  transition  (Tremadoc)  shales 


Fig.  iizo.  —  DUgrammfttic  west-east  section  in  the  Baltic  provinces  of 
Russia,  showing  the  relation  of  the  Loner  Ordovkian,  retreatal  series  and  the 
Middle  Ordovician  transgressing  series.  Note  how  the  lost  interval  between 
the  adjoining  beds  of  the  two  series  increases  westward.  Characteristic  fossils 
of  these  beds:  Blla,  Mtioitupis  limbala  (Fig.  1116,  p.  «!M);  Blip  and  y,  by 
other  qiedes  of  Uetahtpit ;  Bllla,  Ortkis  caiUgramnia  (Fig.  113a,  p.  303)1 
Atapktti  expantus  (Fig.  iiig,p.  196,  ttlso  iaBlIIffi;  other  species  of  Asopkm 
and  cepbalopods  occur  in  Billy.  C,  Eckinosfikariles  auranlium  (Fig.  1140  d, 
P-  307)- 

and  by  a  greater  or  less  thickness  of  the  Arenig  irT southern  Spain 
and  southern  France,  In  both  regions  they  are  followed  discon- 
formably  by  the  Middle  Ordovician,  which  in  Spain  may  overlap 
the  older  Ordovician  rocks  (as  it  does  on  the  western  flanks  of  the 


i)  of  Kinnekulle,  Sweden. 


Adiroadacks  and  in  parts  of  Canada)  and  rest  directly  on  pre- 
Ordovidan  rocks.  The  basal  sandstone  is  characterized  by  tracks 
{Crusiana,  Fig.  1132)  and  other  markings.     In  Bohemia,  finally, 
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transition  beds  rest  upon  Middle  Cambrian  and  are  succeeded  by 
shales  of  the  Arenig  type.  Then  follows  an  erosion  plane,  and 
above  it  are  various  members  of  the  Middle  Ordovician  which  is 
the  transgressive  series. 


Fig.  1113. — Cnmana  (X^)  counterpaTt  of  trails  in  the  Ordovician  sand- 
stones of  Penha-GaTcia,  Basse-Beira,  Portugal.    (Aftec  Delgrado.) 

We  thus  see  how  widespread  is  the  evidence  for  the  Lower 
Ordovician  (St.  Peter)  emergence  and  the  subsequent  Middle 
Ordovician  submergence  which  must,  therefore,  be  regarded  as  one 
of  the  major  diastrophic  movements  of  the  Ordovician. 

The  Upper  Ordovician  of  England  and  Wales  is  composed  of 
limestones  and  shales  {Bala  and  Caradoc),  corresponding  to  the 
Trenton  of  America  and  carrying  similar  fossils.  Depodts  of 
this  type  are  also  found  in  Scandinavia  (Fig.  1123)  and  in  Baltic 
Russia  and  again  in  the  Mediterranean  basin,  especially  in  Bo- 
hemia. As  in  North  America,  Trinucleus  (Fig.  1124)  is  a  charac- 
teristic fossil  of  the  Upper  Ordovician  beds. 
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Toward  the  end  of  the  Ordovician  northwest  Europe  witnessed 
the  same  retreat  and  readvance  shown  in  America  by  tlie  break 


I 


Fig.  1133.  —  Dubase  <Uke  in  the  rrtmicfeiu-limntoDe  on  FiognS,  Rlngetike, 
Norway.    (Pboto  by  Prof.  J.  Kuer.) 

between  the  Galena  and  the  Richmond  beds.  But  a  unique 
feature  of  this  later  retreat  appears  in  Siberia,  where  extensive  red 
beds  like  the  Queenston  were  deposited.  This  indicates  the  de- 
velopment, in  the  Irkutsk  basin,  of  arid  cli- 
matic conditions  which  are  further  emphasized 
by  the  occurrence  of  extensive  salt  deposits 
with  the  red  beds. 

Gypsum  also  is  frequentiy  found  in  these 
beds,  with  or  without  the  salt.  If  this  gypsum 
is  not  an  alteration  product  (from  limestone) 
and  if  it  normally  underlies  the  salt  (confirma- 
tion of  which  is  lacking)  it  would  appear  that 
these  salt  deposits  are  the  product  of  evaporat- 
ing sea-water,  either  in  cut-oS  basins  or  in  salt 
pans  and  lagoons  along  the  retreating  sea- 
shore of  Ordovician  time.  In  that  case  it 
might  be  profitable  to  explore  the  formation 
for  potash  salts  which,  as  we  have  seen  in  a 
previous  chapter,  are  frequently  associated  with  marine  salt 
deposits. 


Fic.  1114.  —  TrU 
nueltus  foU/ktW,  a 
characteristic  Euro- 
pean Upper  Ordovi- 
cian trUobite.  (After 
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Igneous  rocks  aie  also  associated  with  Ordovidan  beds  of  Siberia, 
but  their  period  of  eruption  or  intrusion  is  not  fully  determined. 
In  Great  Britain,  on  the  other  hand,  igneous  activity  was  marked 
during  the  Ordovician,  both  as  outpouring  of  lava-flows  and  as 
intrusions.    The  rocks  are,  however,  little  metamorphosed. 


/f' 


/ 


'k' 


■     FiC.      It  a;.  — Brachiospongia 

digiiala,    a    characteristic  Ordo-       Fic,  ii]6.^Baseof  Aece^tocMffluoninK, 

vician  sponge.     (I.  F.)  Galena  limestone,  Ordovidui.    (L  FJ  , 


Fic.  i\27a,b.—Slreptdasma  fro- 
fandum  (Conrad),  specimen  broken  to 
show  interior  of  cup ;  and  view  o(  cup 
from  above.  A  characteristic  cup  coral 
of  the  Black  River  limestone  (Wis- 
consb). 


:  1 3S.—Tttradium  ceUidosvm  (Hall).    Longitudinal  and  tiansvene  sectiona, 
A  characteristic  coral  of  the  Black  River  limestone,  New  York. 


Life  of  the  Ordovician 


LttE  OP  THE  ORDOYIOAK 

Ocaenl  Omacter  of  the  Ordoridan  Frnma.  —  The  distinctive  character  of 
Ae  Ordovidan  fauna  as  a  whole  lies  in  the  abundaiKC  of  giaptolites,  of  Biyozoa 
and  of  bradiiopods.  Spongec  are, 
on  the  wbole,  rare,  but  two  veiy 
striking  types  occur,  one  (Bracluo- 
tponfia.  Fig.  Ills)  '"i^  long  Iiollow 
finger-like  projections  around  a  cen- 
tial  disk  with  large  central  opening 
(oacuhun),  and  the  other  shaped 
more  or  less  like  a  jardiniire  but 
with  contracted  opening  and  a  very 
Striking  wall  structure  of  rods  and 
cross-bars  (Rueflaadikt,  Fig.  tii6). 
Generally  only  the  base  of  this  is 
preserved,  the  under  side  of  which 
'  resembles  in  arrangement  of  parts 
the  markings  on  a  machine-turned 
watch  case.  The  only  graptolitea 
not  represented  in  the  Ordovician 
are  the  mooograptid  fonns  with  the 
cups  or  thecc  arranged  on  one  side 
of  the  supporting  rod  or  virgula. 
They  are  wholly  characteristic  of 
the  SQuiian,  from  which  the  other 
graptolites  arc  absent.  Corab  are 
still  rare,  but  simple  cup  corab  have 
appeared  {Skepidasma,  Figs.  1137  9- 
/),  though  except  for  a  few  spedes 
they  are  not  abundant-  The  com- 
pound corals  are  the  large-tubed 
Cdiimnaria  (Fig.  togs)  (several 
species)  and  peculiar  forms  with 
almost  hair-like  prismatic  tubes  (TeUradi 


Fio.  1130.  —  Tetradium  columnare 
(Hall).  Trenton,  New  York  state.  (From 
Banler.) 


.  —  Tetradttait  syriiigep»- 
Toides  Uliich.  Weathered-out  speci- 
mens on  a  rock  surface,  natural  size,, 
and  several  cross-sections  enlarged 
6  times.  Characteristic  cotal  of  the 
Stones  River  (upper  Chazy),  Mary- 
land.    (From  Bossier.) 

»,  Figs.  1118-1130).  TbeBryowm 
are  abundantly  represented,  es- 
pecially by  the  solid  forms  which 
resemble  small  corals  (monticu- 
liporoids,  Fig.  1131).  They  are 
composed  of  numerous  fine  pris- 
matic tubes  generally  of  two  sizes 
with  transverse  partitions.  The 
bracblopoda  are  numerous  and 
characteristic.  The  Orthis  group, 
with  atiaigbt  hinge  line,  which 
generally  forms  the  greatest  width 
of  the  shell,  b  abundant.    True 
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long-hinged  Orthh  abounds  In  the  lower  diviMons,  one  valve  highly  convex,  the 
other  nearly'flat  (Figs.  1063,  1078).  A  short-hinged  Orthis  {Dotmandla)  is  also 
abundant.  (See  Figs.  1066  a-c,  p.  164.)  Higher  up  the  valves  are  nearly  equal 
in  convndty  (Figs.  1133-1133  d-f)  and  in  still  higher  beds  the  valve  irith  the 
laigett  hinge  area  is  the  least  convex  (Fig.  1133  m-o).    The  group  of  Platy- 


Fto.  1131.  —  Characteristic  Ordovidan  bryozoans.  a,  Vinella  rcpens  on  a 
brachiopod  shell  (Black  River  beds);  b,  same  (X  iS);  c,  Stomalopora  deli' 
catuia  (X  12})  (Stones  River  to  Richmond) ;  d,  Berenicca  minnesolensis  (X  q) 
(Stones  River  and  Blacli  River) ;  c,  MontUuiipora  arborta,  vertical  section 
(X  9)  (Trenton) ;  /,  same,  tangential  section  (X  9) ;  g,  Frasopora  limulalrix, 
tangential  section  (X  9)  (Black  River  and  Trenlon) ;  h,  same,  vertical  section 
(X  9) ;  i,  PkyUoporina  rttkiUata  (X  g)  (Black  River  and  Trenton) ;  j,  Stklo- 
porelia  cribosa  (X  i)  (Stones  River  and  Black  River);  k,  same  (X  9);  t,  Nt- 
matapora  ovolis  (X  J  and  X  9)  (Trenton).    (1.  F.) 

strophias  (Fig.  1133  ;,  h)  is  also  practically  confined  to  the  Ordovician.  Then 
there  are  the  thin,  flat-valved  (onus,  one  valve  generally  convex,  the  other 
concave.  Here  belong  PkcSambonUes  (Fig.  io66  /-A),  Rafinrsqutnit  {Fig. 
"33  Pi  J)  ""J  lb«  reversed  form,  Sltopkomena  (Fig.  1133  W)  all  characteristic 
of  the  Ordovician,  though  some  are  represented  in  higher  rocks.  The  plicated, 
'  biconvex  rhynchonelloid  shells  with  blunt  beak,  no  hinge  area  and  deep  median 
indentation  on  one  valve  and  corresponding  elevation  on  the  other,  are  well 
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represented  especially  ifi  the  Uppet  Ordovician  (RAynckolrema,  Figs.iijj  t-t) 
though  some  more  pomted-beaked  forms  (Camaroladna,  Fig.  io6j}  occur  io 
lower  horizons.    Other  types  occur  but  are  less  chaiacteiistic. 


Pig.  113}.  —  OrllUt  (Pleclorlhii)  caUigramma,  a  Middle  Ordovician  bracbiopod  of 
Europe,  ventral  &nd  side  views.     (After  Kayser.) 

Certain  forms  of  pelecypods  are  characteristic,  especially  the  peculiar 
AmbonycMa  and  Bysionyckia  with  a  large  wing  on  one  side  of  the  beak  (Fig. 
iioi  d).  Mussel-like  fonns  (Modioiopsii,  Fig.  iioi  b)  also  occur,  but  similar 
4oims  are  found  in  higher  strata.     Both  high  and  low  spired  gutropods  abound, 


^1^,  m^f  ^ 


Fic.  1133.  — Characteristic  Ordovician  braduopods.  a-c,  Oritds  Irictnaria 
(Stones  River  and  Black  River);  d-f,  Pkdorihii  plicatMi,  Cincinnati  gr.; 
f-k,  Plolyslro.pkia  acmUirola,  Cincinnati  gr. ;  i-*,  Rhynclulrema  capax,  Cin- 
cinnati gr.  (Lorraine)  ;  l-A',  Strophomma  planumboTia,  Cincinnati  gr. ;  m-e,  Di- 
iwrtWi  ivbqvadrata,  Cincinnati  gr. ;  p,  q.  RafitKsquina  ailemata,  Trenton-On- 
cinnati  gr. ;  r,  Zytpspira  motUsIa,  Cincinnati  gr. ;  «,  Z.  returnrostra,  showing 
spires,  Trenton ;  t,  it,  Trcmaih  miUcpUHCtala,  Cincinnati  gr.  (All  X  \  except 
T-v,  irtiich  are  enlarged.) 
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generally  with  a  notch  in  the  maigin  at  the  end  of  a  Tcvolving  band  (Fig. 
1135  d-f).  Flat  spired  fonna  of  various  kinds  occur  (Opkilela,  Uadurea,  Figs. 
1059,  1064) .     There  are  also  many  BdUrophon  typea  which  coil  in  a  single  plsne 


like  a  iVnufilui  shell,  but  without  septa.  They  generally  have  a  notch  in  the 
outer  median  edge  [Sinuiks,  Figs.  1135  j'-i,  CyrlaliUi,  Fig.  1103),  The 
cephalopoda  occur  as  straight,  often  very  large,  fonns  (orthocerau,  Fig.  11360,6), 


Fic.  1135.  —  Characteristic  Ordovician  gastropods,  a,  Eotomaria  supra- 
cittiulata,  3  views,  Stones  River  and  Black  River  { X  4) ;  <>■  Hormolama  Irgn- 
lotKiuh,  Trenton ;  c,  iMphospira  bicincla;  d,  section  of  same,  Stones  River, 
Trenton,  and  Cincinnati  group;  e,  Lopkospira  helktera.  Black  River  (X  i); 
/,  Lophospita  palckella.  Black  River ;  g-h,  L.  ampla,  Cincinnati  gr. ;  i,  L.  tropin 
dophora  (last  whorl),  Cincmnati  gr. ;  j-t,  Sinuiks  cancellatus,  Trenton  to  Rich- 
mond (X  f);  m-H,ButaniasnUalina  (mXi^,  n  X^).  Chaiy;  o-p,  Tetranola 
seicarinata,  Stones  River;  r-s,  Hdkotoma  (cnnessecniis,  Stones  River,  Black 
River;  (-a,  EccyliopUris  bdoUensis,  Stones  River. 
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curved  or  cyrtoceian  forms  (Fig.  1136  c),  and  as  coUcd  fonns,  genenilly  of 
smooth  exterior  and  witb  only  slightly  impressed  zone  (Figs.  ti3,6d,e).     There 


Fip.  1136.  —  Qiaracteristic  cephalopoda  of  the  Ordovician  of  North  America. 
a,OrUucerasjuiiceum,lwo  specimens,  and  septal  view,  Stones  River  to  Trenton; 
b,  Spyroceras  hUinealum,  Stones  Rivei  to  Trenton;  c,  Cyrtoctras  {Oncoctras) 
pandion,  ventral  and  lateral  views  and  section,  Stones  River;  d,  Trockeliles 
fianorbifarnds,  a  nautiliform  type,  ventral  and  lateral  views  and  sections 
showing  the  impressed  zone,  and  siphunde,  LerrtLine ;  e,  Tarpkyceras  setUyi,  a 
coiled  shell  with  wboris  scarcely  impressed,  a  gyroceran  type,  Beekmantown ; 
/,  Camtnxtrat  Unuistptum,  external  view  and  natural  section,  Chazy.     (All 


ed.) 


ii  a  peculiar  group  of  straight  (mi 
tia%  ayltem.     In  these  the  septa 


■e  rarely  curved)  forms,  which  is  confined  to 
re  pierced  by  a  very  large  round  opening, 
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Fic.  1137.  —  Calymmetu  senaria.  a,  A  view  of  cephalic  shield  and  a  part  of  the 
thorax  of  an  unusually  fine  specimen ;  £,  a  lateral  view  of  same;  e,  an  anterior 
iriew  of  same,  also  showing  the  pygidium,  and  the  posterior  part  of  the  thorax. 


Fig.  1138.  — Ctraunu  ietUatus,  a  characteristic  Trenton  trilolwte. 


6rwt     .fP^    c^    "~ ' 
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Pig.  iisQ.^OiaTBcteristic  Ordovician  ostracods.  a,  IsochiUna jonest,  left 
valve  (X§)  {upper  Trenton);  b,  PrimiHella  unicornis,  right  valve  (X  14) 
(Trenton-Eden  and  Richmond);  c-d,  Primitia  cincinnaliensis,  left  and  dorsal 
views  (X  14)  (upper  half  Cincinnati  group) ;  e,EurychiiinaTeiii:uiaia,ltit.vtlve 
(X  10)  (Stones  River  and  Black  River);  /,  Ccroto^iii  cAamin'ii,  interior  and  ex- 
terior of  right  valve  (X  12)  (Black  River  and  Trenton)  ;  g,  Clenobolbina  ciUala, 
exterior  of  left  and  interior  of  right  valve  ( X  7^)  (Eden) ;  h,  Kladenia  iniltoAi, 
nde  and  ventral  edge  views  of  right  valve  (X  14}  (Black  River);  >,  EnSemis 
fnadisonenii!  (upper  Cincinnatian).     (I.  F.) 
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Fia.  114a.  —  Ordovidan  cystoids,  and  crinoidg.  a,  Aielacrinus  n'lKM- 
naiUnsit,  Ouciniuiti  group;  b-c,  Mahcyitilti  tmrnotui,  side  and  oral  views, 
Cbazy;  d,  Echincspharites  aurantium.  Middle  Ordovicllui  (Stones  River  or 
Chambereburs) ;  e,  Ctyptecrintu  JecaJoct^fiu, Cincinnati  group ;  S,Anamaii)criimt 
inctmw,  Cinrinnali  group. 


to.    1141. — PkurccysHles  sqtummu.    Ordovidan  of  Ottawa,  Canada, 
dianctemtic  cystaid  showing  stem  and  two  anns,  also  "pore  rhomlw." 
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within  vhicb  lies  a  second  tube,  geDeiaUy  on  one  side  of  the  outer  one. 
This  second  tube  is  mostly  filled  with  solid  lime,  arranged  in  dose-set  cones 
which,  however,  generally  ap[>ear  as  a  solid  mass.  Id  worn  specimens  this 
sometimes  projects  beyond  the  shell.    Example  Camtrocttoi  (¥1g.  1136/). 

Trilobltes  are  still  abundant  and  characteristic.  The  most  striking  are 
IsBtdes  and  Megaiaspis,  with  head  and  pygidium  similar  and  each  occupying 
about  one-thjid  of  the  length  (Figs.  106S,  1116);  Cn/ym^fenr  (Fig.  1137),  which 
often  coils  info  a  baU,  is  well  represented  but  not  restricted  here.  There  are 
also  many  more  or  less  spiny  forms  {Ceraarus,  Fig.  iij8),  but  one  of  the  most 
characteristic  is  Trinudeia  (Figs.  1067,  1114)  with  the  large  head  marked  by 
three  bulging  lobes  and  surrounded  by  an  ornamental  flat  rim  which  ends  in 
lateral  spines.  Ostncods  were  also  very  abimdant  (Fig.  11J9).  Cystoldsand 
crinoids  also  occur,  and  so  do  starfish,  but  they  are  generally  rare  though  very 
characteristic  when  found,  especially  the  cystoids  Agelacrima  (Fig.  1140  a), 
PleurBcysliUf  IF'tg.  1141),  Eckitasphariia  (Fig.  1140  d),  and  the  ornamental 
crinoid  Clyptocrinus  {Fig.  1 140  e).  Finally  there  are  many  calcareous  algc,  the 
most  conspicuous  among  them  being  CryptozoSn,  which  sometimes  makes  up 
entire  beds  of  limestone  (Fig.  rosS).  The  river  faunas  of  the  Ordovician  com- 
prised &sh-like  animals  of  the  ostimcodena  group  and  enrjrpterids,  some  of 
which  were  also  washed  out  to  sea  and  buried  with  Epical  marine  fossils.  No 
land  plants  are  known,  but  what  appear  to  be  remains  of  insects  have  been 
obtained  from  some  European  locaUties,  though  their  insect  character  has  been 
questioned. 


Fig.  114a,  —  DiKKins  for  Ordovician  fctaptolites  in  Scania,  Sweden.  Tlie 
rocks  are  extensively  soil  covered  and  fossiliferous  rocks  can  often  be  exposed 
only  by  digging.  Tbe  late  Professor  Moberg  of  Lund,  and  his  assistant.  (Fhoto 
by  author.) 


CHAPTER  XXXIV 

THE  SILURIAN  OR  SILURIC  SYSTEM 

When  in  1835  the  English  geologist  Roderick  Murchison  de- 
termined to  undertake  the  study  of  the  old  graywacke  rocks  of 
Wales,  he  decided,  after  consultation  with  other  geologists  and  the 
perusal  of  local  studies  made  by  them,  to  attack  the  problem  on 
the  borderland  between  England  and  southern  Wales,  for  there  these 
ancient  rocks  were  least  disturbed,  and  the  exposures  promised 
to  furnish  more  continuous  sections  than  elsewhere  in  the  kingdom. 
Early  in  his  studies  he  found  that  the  rocks  which  lay  beneath  the 
base  of  the  Old  Red  Sandstone  series  (the  Devonian)  represented 
a  system  hitherto  unknown  in  the  sequence  of  geological  formations 
and  were  characterized  by  congeries  of  organic  remains  quite  unlike 
any  then  known,  and  of  more  ancient  aspect  than  those  foimd  in 
the  sjrstems  heretofore  difiFerentiated.  Casting  about  for  a  name 
to  apply  to  this  newly-to-be  erected  sjrstem,  he  determined  to  im- 
mortalize one  of  the  most  warlike  and  heroic  ancient  Celtic  races, 
the  Silures,  who,  under  their  redoubtable  King  Caradoc,  most 
effectively  resisted  to  the  last  the  invasion  of  Caesar's  legions.  It 
was,  indeed,  in  the  apcient  domain  of  this  people  that  some  of 
the  best  sections  of  these  younger  gra)rwacke  rocks  were  exposed, 
and  the  name  "  Silurian  system  "  was  most  fittingly  applied  to  the 
formations,  the  study  of  which  carried  geological  knowledge  a 
step  lower  in  the  scale  of  stratigraphic  succession.  The  establish- 
ment of  this  S3rstem  and  its  naming  in  1835  marked  an  epoch  in 
the  history  of  geological  science,  and  when  in  1838  the  ponderous 
work  entitled  The  Silurian  System  appeared,  the  reputation  of  its 
author  was  established  throughout  the  scientific  world,  and  there- 
after colleagues  as  well  as  kings  delighted  to  honor  him  and  to  seek 
his  advice.  From  this  time  on,  Sir  Roderick  devoted  most  of  his 
energies  to  the  extension  and  further  development  of  the  knowledge 
of  this  system  at  home  and  abroad,  in  which  endeavor  he  was  ably 
seconded  by  the  great  French  geologist,  later  a  resident  of  Bo- 
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hernia,  Joadilm  Barrande,  by  noted  colleagues  in  Sweden,  and 
by  the  geologists  of  North  America,  of  whom  James  Hall,  of  New 
York  slate  was  the  most  eminent. 

P  Murchison  subdivided  his  Silurian  system  into  an  upper  and 
a  lower  division,  and  although  the  rocks  of  the  lower  division  cover 
more  territory  in  the  old  country  of  the  Silures,  they  were,  as  we 
have  seen,  essentially  of  the  age  of  the  rocks  designated  Upper 
Cambrian  by  Sedgwick  in  the  north  of  Wales.  As  was  perhaps 
inevitable,  a  long  controversy  arose  over  the  name  to  be  applied 
to  this  division,  which  all  came  to  realize  was  the  middle  member 
of  the  threefold  group  into  which  the  old  graywacke  rocks  naturally 
fell.  This  controversy  was  finally  brought  to  a  close,  as  we  have 
seen,  by  the  adoption  of  the  new  name  Ordovician  for  the  Lower 
Silurian  rocks  of  Murchison's  system  and  the  restriction  of  the 
name  Silurian  to  his  Upper  Silurian  division. 

These  rockS  are  best  exposed  in  western  England,  where  they 
are  little  disturbed,  and  where  they  are  finely  shown  in  the  great 
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1  of  the  Silunan  s  ata  of  Sh  opsh  re 
England  The  Silunaa  (N  agaran  s  ata  es  un  on  ormab  y  and  with  a 
basal  sandstone,  upon  Loner  Ordovician  shales,  and  are  disconformably  suc- 
ceeded by  Coal-measure  sandstones  (Carb.).  The  principal  Silurian  limestone 
(Wenlock)  forms  the  prominent  Wentock  edge  or  cuesta.  It  contiuns  numerous 
reef-like  masses,  the  M-called  ball-stones.     (From  the  author's  field  notes.) 

cuesta  front,  known  as  the  Wenlock  edge,  which  faces  the  old- 
land  of  Wales  (Fig.  1143).  Here  they  abound  in  fossils  of  many 
kinds,  including  corals,  brachiopods,  and  trilobites;  whereas  in 
Wales  the  rocks  of  this  age  are  seldom  very  fossiliferous,  grapto- 
lites  being  often  the  only  organic  remains  found  in  them.  Other 
exposures  in  England  also  carry  numerous  fossils  of  great  variety, 
while  in  southern  Scotland  graptolite-bearing  shale  is  almost  ex- 
clusively developed.  This  is  also  the  case  to  a  considerable  extent 
in  Norway  and  Sweden,  though  there,  as  in  the  Ordovidan  system, 
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limestones  with  other  fossils  become  important  members  of  the 
series.  On  the  island  of  Gotland,  in  the  Baltic,  the  most  complete 
succession  of  these  rocks  in  Europe  is  known,  represented  almost 
wholly  by  calcareous  beds,  and  with  a  wealth  of  organic  remains 
equaled  only  by  the  rocks  of  this  system  in  North  America  (Fig. 
1 144).  In  the  Baltic  provinces  of  Russia  and  over  wide  areas  under 
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Fig.  1 144  a.  —  Section  from  the  coast  of  Sweden  eastward,  across  the  islands 
of  Oland,  Gotland,  and  Oesel  to  the  Baltic  coast  of  Russia  (Esthonia),  showing 
the  relationships  of  the  Cambrian,  Ordovidan,  and  Silurian  strata  and  the 
submerged  lowlands.     (Original.) 

the  flat  Russian  plains  to  the  border  of  the  Ural  Mountains,  rocks 
of  this  age,  rich  in  fossils,  are  found,  and  their  lower  portion  is 
well  represented  in  the  basin  of  Bohemia,  where  again  they  are 
extremely  fossiliferous,  some  beds  of  limestone  consisting  almost 
entirely  of  organic  remains. 
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Fig.  1 144  b.  —  Section  southward  from  Finland  across  the  Gulf  of  Finland 
and  part  of  Esthonia,  showing  the  relationships 'of  the  Cambrian,  Ordovidan 
and  Silurian  sitrata  capped  by  Old  Red  Sandstone.  Also  the  partly  submerged 
Esthonian  cuesta,  and  inner  lowland  (Gulf  of  Finland).     (Original.) 


But  it  is  to  North  America  that  we  must  turn  for  the  fullest 
representation  of  the  rocks  of  this  system,  and  again  the  state  of 
New  York  takes  first  rank  among  the  districts  in  which  the  system 
is  most  fully  developed,  and  the  names  of  the  standard  American 
subdivisions  are  largely  derived  from  New  York  localities.  Other 
American  regions  important  to  the  student  of  the  Silurian  rocks 
are  Wisconsin,  Michigan,  Ohio,  and  eastern  Canada,  especially 
the  island  of  Anticosti  in  the  Gulf  of  St.  Lawrence^  and  finally 
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the  southern  Appalachians,  the  last-named  district  furnishing  the 
most  complete  representation  of  the  continental  phases  of  the 
Silurian  formations.  Noted  localities  for  the  fossils  of  the  lower 
division  are  the  Falls  of  the  Ohio  at  Louisville,  Kentucky,  and 


Fig.  1 145.  —  Map  showing  the  outcrops  of  Silurian  rocks  in  North  America. 

(After  BaUey  Willis.) 

parts  of  western  Tennessee  and  Indiana^    On  the  south  shore 
of  Hudson  Bay  Silurian  rocks  cover  large  areas  (Fig.  1145). 

Silurian  formations  occur  in  other  parts  of  the  world  as  well, 
including  the  Arctic  region  of  America  and  Asia,  but  few  of  these 
have  as  yet  been  studied  in  detail. 
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General  Relationships  of  the  Silurian  to  the  Preceding 

Formations 

The  close  of  the  Ordovidan  seems  to  have  been  marked  by  a 
widespread  withdrawal  of  the  sea  from  the  continents,  and  the 
opening  of  the  Silurian  by  a  renewal  of  transgression  of  the  oceans 
over  the  lands.  This  is  indicated  by  the  fact  that  in  all  but  a  few 
localities  the  Silurian  beds  rest  disconformably  (in  some  cases 
unconformably)  upon  the  Ordovidan,  there  being  a  recognizable, 
though  generally  not  very  profound,  erosion  break  between  the  two 
sjrstems.  That  the  Silurian  transgression  extended  beyond  the 
regions  covered  by  that  of  the  Ordovidan  is  shown  both  in 
America  and  Europe  by  the  fact  that  in  some  localities  the  base  of 
the  Silurian  rests  unconformably  on  the  crystalline  rocks.  Only 
in  the  northern  end  of  the  Appalachian  geosyncline  (Anticosti 
Island)  is  a  perfectly  conformable  succession  of  the  Silurian  upon 
the  Ordovician  seen,  with  a  bed  carrying  organic  remains  of  both 
between  them.  A  less  perfect  transition  is  found  in  the  southern 
part  of  the  geosyncline  (lower  Mississippi  Valley).  Others  may, 
however,  be  discovered  in  the  future. 

The  Silxtrian  of  North  America 

General  Subdivision 

A  threefold  subdivision  of  the  Silurian  is  recognizable  in  North 
America,  of  which  the  lower  and  upper  are  represented  principally 
by  marine  formations,  while  the  middle  division  is  a  non-marine 
series.    These  subdivisions  are  as  follows : 

Upper  Silurian  or  Monroan  —  largely  marine. 
Middle  Silurian  or  Salinan  —  non-marine. 
Lower  Silurian  or  Niagaran  —  chiefly  marine. 

The  lower  division  is  best  known  from  the  Niagara  River  section, 
from  which  the  series  is  named.  The  middle  division  is  best  de- 
veloped in  centrahNew  York  and  in  southern  Michigan,  where  it 
carries  deposits  of  rock  salt.  The  upper  is  best  known  from  south- 
eastern Michigan  and  the  adjoining  districts  of  Ohio  and  Ontario. 
Its  name  is  derived  from  Monroe  County,  Michigan.  In  New 
York  state  only  a  part  (chiefly  the  upper)  of  the  Monroan  series  is 
present. 
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Nes/o  York  State  Subdivisions 

The  following  Silurian  formations  occur  in  the  state  of  New 
York,  though  they  are  not  always  developed  in  the  same  sections: 

Upper  SiLuiuAN  or  Momroan 

Upper  Monroan,  \ 

Manlius  Limestone.  ' 

Rondout  Waterlime. 

Cobleskill  and  Akron  Limestones  (approximate  equivalents). 

Rosendale  and  Bertie  Waterlimes  (approximate  equivalents). 

Wilbur  Limestone,  and  Camillus  Shale  (in  part). 
Middle  Monroan  (usually  absent). 

Binnewater  Sandstone  (partial  representative). 
Lofwer  Monroan  (mostly  absent). 

High  Falls  Shale  (partial  representative). 

MmDLE  Silurian  or  Salinan 

Camillus  Shale  and  Gypsum  (in  part). 
Syracuse  Salt  Series. 
Vernon  Red  Shale. 

Pittsford   Shale  and   Shawangunk   Conglomerate  (in  part).    (These 
may  belong  to  the  Upper  Niagaran.) 

Lower  Silurian  or  Niagaran 
Upper  Niagaran, 

Guelph  Dolomite  and  Shawangunk  Conglomerate  (in  part). 

Lockport  Dolomite  and  Limestone. 
Middle  Niagaran. 

Rochester  Shale. 

Clinton  Limestones  and  Shales. 
Lower  Niagaran  or  Medina  Group. 

Thorold  Quartzite  and  Oneida  Conglomerate  (partial  equivalents). 

Medina  Sandstones  and  Shales. 

Whirlpool  Sandstone. 

ORDOViaAN  QUEENSTON  ShALES 

Characteristic  Sections 

Several  sections  may  first  be  given  to  show  the  present  struc- 
tural and  stratigraphic  relations  of  the  Silurian  strata  in  North 
America. 

The  Niagara  River  Section.  —  The  section  along  the  Niagara 
River  from  Lewiston  to  Buffalo  is  in  many  respects  the  most 
typical  as  well  as  the  classic  section  of  the  North  American  Silurian 
(Fig.  1 146).    At  the  mouth  of  the  great  gorge  near  Lewiston,  the 
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lower  banks  of  the  river  are  formed  by  the  brick-red  Queenston 
shales,  which  form  the  top  of  the  Ordovician  (Fig.  1147),  They 
are  capped  abruptly  by  a  white  quartzose  sandstone  25  feet  thick 
(the  Whirlpool  jandslone)  which  can  be  traced  to  the  Whirlpool. 


6.  —  Section  from  L«wistoD,  N.  Y.,  across  the  Niagara  escarpment 
(cnesta)  to  Buffab  showing  the  Silurian  formation  resting  with  a  basal  sand- 
■tone  (Whirlpool)  upon  the  Upper  Ordovician  red  Queenston  shales.  The 
rocks  are  fully  exposed  in  the  walls  of  >nagara  gorge,  as  far  as  Niagara  Falls. 
The  Middle  Silurian  beds  (Salina)  are  covered;  the  Upper  Silurian  or  Monroan 
b  represented  only  by  its  upper  members  (Bertie  and  Akron  or  CoblesktU) 
there  being  a  hiatus  between  the  upper  Monroan  and  the  Salinan.  The  Onon- 
daga Limestone  (Middle  Devonian)  rests  disconformably  upon  the  upper 
Monroan  (Akron)  and  is  followed  by  the  black  Marcellus  shale.     (Origintd.) 


FlO.  1147.  — Whirlpool  white  sandstone,  at  the  base  of  the  Medina,  resting 
upon  red  Queenston  shales  and  succeeded  by  red  shales  and  sandstones  of  the 
Medina  group.  The  base  of  the  Whirlpool  sandstone  marks  the  base  of  the 
^urian  system  in  thissection.  Niagara  gorge,  opposite  Foster's  Flats.  (Cour- 
toy  N.  Y.  State  Museum,  John  M.  Oarke,  Director.) 


Fic.  114S.  — Section  in  Niagara  gorge  OD  N.  Y.  Centrals.  R.,  above  Lewis- 
ton.  The  upper  red  Medina  shales  and  sandstones  are  seen  atrave  the  track 
(d)  capped  by  the  White  Tliorokl  quartzite  (c) :  Above  this  lies  the  ClintOD 
shale  (»,  covered  in  turn  by  the  Clinton  limestones  (o).  (Courtesy  N.  Y. 
State  Museum,  John  M.  Clarke,  Director.) 


Fio.  1149.  —  Beach  markings  of  stranded  shells  on  surface  of  Medina  sand- 
stone. Lockport,  N.  Y.  (Courtesy  N.  Y.  State  Museum,  John  M.  Clarke, 
Director.) 
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Above  this  follow  green  and  red  shales  and  red  sandstones,  the 
typical  Medina  beds,  and  this  division  is  terminated  by  a  bed  of  white 
quartzite  ten  feet  thick  {Thtnold  quarlzite, 
Fig.  114S).  These  three  divisions  constitute 
the  Medina  group.  The  toarser  sandstones 
are  generally  crossbedded  and  show  channel 
scouring,  irregularity  of  bedding,  ripple- 
marks,  rill-marks,  wave-marks,  and  beach 
cusps,  all  indicative  of  seashore  deposition 
(Fig-1149).  Someof  the  beds,  especially  in  j^ 
the  lower  part  of  the  middle  division,  are  cuKata,  a  characteristic 
fossihferous,acommonfossilbeingthebrach-     brachiopod  of  the  Med- 

j  , .        ,  .     ,— .  >      ,  ina  sandstone,  X  il, 

iopod  Ltnguiacuiuata{F\g.  ii$o}.    In  some 

of  the  shaly  layers  in  the  upper  part  of  the  series  is  found  the  remark- 
able trail  of  an  unidentified  organism  (usually  referred  to  an  an- 
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Fio.  list.  —  Section  in  Niagara  gorge,  along  N.  Y.  Central  R.  R.,  south  of 
the  section  sbonrn  in  Fig.  1T4S.  At  the  base  in  the  foreground  the  top  of  the 
Thorold  quartzite  (r)  is  shoim;  above  this  lie  the  Clinton  shales  (ij)  6  feet 
thick;  then  follows  the  bwer  Clinton  limestone  (c)  15  feet  thick;  and  the 
more  massive  upper  Clinton  nr  Imndequoit  limestone  (6j  11  feet  thicki  This 
b  overluD  by  the  Rochester  shale  (.i).  Thefull  thickness  of  this  shale  (68  feet) 
b  seen  in  the  middle  distance  of  the  view,  where  it  is  capped  by  the  Lockport 
dolomite  which  forms  the  upper  clifi.  (Courtesy  N.  Y.  State  Museum,  John 
M.  Clarke,  Director. 

nelid),  known  as  Arthropkycus  harlani  {Fig.  759),  and  always  pre- 
served in  reUef  expression  on   the  under  side  of   the  sandstone 
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which  covers  the  bed  with  the  actual  trail.  The  Medina  group  is 
followed  by  the  beds  of  the  Clinton  group,  a  thin  shale  and  two 
limestone   formations   about  40   feet   thick   (Fig.   1151),    Then 


Fig     1153  —  AnofMluea    {Caio- 

tptra)  hemuphanca,  «  cbafacteristii:  Fic.  1153. — Faiiamenis  cUonfW, 

brachiopod  of  the  Atlantic  or  Clinton  characteristic  of  the   Atlantic  phase 

type  of  Silurian  fauna;    England  and  of  the  Niagarau   (Clinton    type)    of 

eastern  North  America,    Pedicle  valve  western  Europe  and  eastern  North 

and  side  view;  enlarged  three  diameters.  America. 
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Fig.  1154. — Monograptus  dinUmtnsis. 
a,  a  flattened  fragment  from  near  the 
l»se  of  the  branch  ( X  6) ;  b,  lateral  view 
of  part  of  mature  stipe  (X  6);  c,  front 
view  of  same  (X9).  Clinton  shales. 
Rochester  regioD.    (After  Hall.) 


Hall  A  from  extenor  showing 
external  axis  and  cell  puutitions. 
B  mtenor  shomng  zigzag  uds 
and  cylindrical  process  extending 
to  the  margin  and  short  apptar- 
ently  broken  processes  CX  9). 
Chnton  shales      (After  Hall.) 
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follows  a  70-foot  bed  of  shale  (Rochester  shale)  and  the  cM  is 
tenninated  by  a  as-foot  limestone  bed  (lower  Lockport  dolomite). 


Fig.  1156.  —  Section  in  the  New  York  Central  railroad  cut  in  the  goige  of 
Niagara  River,  below  the  Whirlpool.  The  rock  at  the  level  of  the  track  is  the 
upper  Qinton  or  Irondequoit  limestone  (sometimes  classed  as  a  member  of 
the  Rochester)  overlain  by  typical  Rochester  shale.  The  top  of  the  Ironde- 
quoit shows  a  lens-like  bryozoan  reef  about  30  feet  long  composed  of  fine 
calcareous  mud  held  together  by  the  fronds  of  branching  Bryozoa.  These  grew 
upon  the  sea-bottom  in  this  locality  and  were  slowly  buried  by  the  accumulat- 
ing mud,  new  colonies  developing  as  the  old  ones  died  and  were  buried.  Nu- 
merous other  organic  remains  are  found  in  these  reef  mounds.  Reefs  of  this 
type  are  very  common  in  this  formation  in  western  New  York.  (G.  K.  Gilbert ; 
pbotoi  from  U.  S.  Geological  Survey.) 

These  beds  are  all  more  or  less  richly  fossiliferous.  The  Clinton 
contains  chiefly  brachiopods,  among  which  Caslospira  hemispk<erica 
(Fig.  1152)  is  most  common,  Penta- 
ments  oblongus  (Fig.  1153),  though 
abundant  in  this  limestone  farther  east 
(at  Rochester),  is  rare  at  Niagara.  In 
black  shale  bands,  in  the  Rochester, 
N.  Y.,  region  the  graptolites  Moaograp- 
tus  clitUonensis  (Fig.  ij$4)a.Ti<i  Reticliles 
venosw  (Fig.  1155)  are  not  infrequent. 
At  the  top  of  the  Clinton  limestones 
reef-like  masses  formed  by  the  growth 
of  Bryozoa  are  not  uncommon  (Fig. 
1156).    The  Rochester  shale  abounds     (Niagaran)  cystoid. 
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the  southern  Appalachians,  the  last-named  district  furnishing  the 
most  complete  representation  of  the  continental  phases  of  the 
Silurian  formations.  Noted  localities  for  the  fossils  of  the  lower 
division  are  the  Falls  of  the  Ohio  at  Louisville,  Kentucky,  and 
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Fig.  1145.  —  Map  showing  the  outcrops  of  Silurian  rocks  in  North  America. 

(After  Bailey  Willis.) 

parts  of  western  Tennessee  and  Indiana^    On  the  south  shore 
of  Hudson  Bay  Silurian  rocks  cover  large  areas  (Fig.  1145). 

Silurian  formations  occur  in  other  parts  of  the  world  as  well, 
including  the  Arctic  region  of  America  and  Asia,  but  few  of  these 
have  as  yet  been  studied  in  detail. 
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General  Relationships  of  the  Silurian  to  the  Preceding 

Formations 

The  close  of  the  Ordovidan  seems  to  have  been  marked  by  a 
widespread  withdrawal  of  the  sea  from  the  continents,  and  the 
opening  of  the  Silurian  by  a  renewal  of  transgression  of  the  oceans 
over  the  lands.  This  is  indicated  by  the  fact  that  in  all  but  a  few 
locaUties  the  Silurian  beds  rest  disconformably  (in  some  cases 
unconformably)  upon  the  Ordovician,  there  being  a  recognizable, 
though  generally  not  very  profound,  erosion  break  between  the  two 
systems.  That  the  Silurian  transgression  extended  beyond  the 
regions  covered  by  that  of  the  Ordovician  is  shown  both  in 
Anierica  and  Europe  by  the  fact  that  in  some  localities  the  base  of 
the  Silurian  rests  unconformably  on  the  crystalline  rocks.  Only 
in  the  northern  end  of  the  Appalachian  geosyncline  (Anticosti 
Island)  is  a  perfectly  conformable  succession  of  the  Silurian  upon 
the  Ordovician  seen,  with  a  bed  carrying  organic  remains  of  both 
between  them.  A  less  perfect  transition  is  found  in  the  southern 
part  of  the  geosyncline  (lower  Mississippi  Valley).  Others  may, 
however,  be  discovered  in  the  future. 

T&E  SiLXTRIAN  OF  NORTH  AMERICA 

General  Subdwision 

A  threefold  subdivision  of  the  Silurian  is  recognizable  in  North 
America,  of  which  the  lower  and  upper  are  represented  principally 
by  marine  formations,  while  the  middle  division  is  a  non-marine 
series.    These  subdivisions  are  as  follows : 

Upper  Silurian  or  Monroan  —  largely  marine. 
Middle  Silurian  or  Salinan  —  non-marine. 
Lower  Silurian  or  Niagaran  —  chiefly  marine. 

The  lower  division  is  best  known  from  the  Niagara  River  section, 
from  which  the  series  is  named.  The  middle  division  is  best  de- 
veloped in  central'New  York  and  in  southern  Michigan,  where  it 
carries  deposits  of  rock  salt.  The  upper  is  best  known  from  south- 
eastern Michigan  and  the  adjoining  districts  of  Ohio  and  Ontario. 
Its  name  is  derived  from  Monroe  County,  Michigan.  In  New 
York  state  only  a  part  (chiefly  the  upper)  of  the  Monroan  series  is 
present. 
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Falls  (Fig.  1165),  where  at  the  American  falls  they  form  the  floor 
of  the  "  Cave  of  the  Winds."    The  Lockport  limestone  (Fig.  i  rW) 
increases  in  thickness  by  the  appearance  of  higher  beds  until  at 
the  Falls  it  is  80  feet  thick  (Fig.  1167),  and  50  feet  more  are  . 
added  in  the  rapids  above  the  Falls.    The  higher  beds  are  more 


Fig.  1164.  — Surface  of  a  slab  of  red  fossUiferous  Clinton  Iron  ore,  Ontsiio, 
Wayne  County,  N.  Y.  The  main  mass  o(  the  rock  consists  of  -fragments  of 
fossils  replaced  by  iron  ore,  the  large  fossil  is  a  (ragroeot  of  a  Bryozoan  similarly 
replaced.     (Courtesy  N.  Y.  State  Museum,  John  M.  Clarke,  Director.) 

dolomitic  and  in  part  represent  the  Gudph  formation.  Beyond 
this  the  beds  are  covered  by  drift,  but  from  borings  we  know  that 
they  consist  of  soft  shales  and  gypsum,  constituting  the  Salina 
group  which  is  without  fossils.  In  the  northern  part  of  the  city 
of  Buffalo  the  higher  of  these  beds  are  exposed  in  some  places, 
and  are  followed  by  the  Bertie  group  of  shales  and  waterlimes 
(Fig.  ii68d,e).    Fossils  are  rare  in  the  Bertie  except  in  certain 


'  Fio,  1165.  —  View  looking  north,  down  the  Whirlpool  R^iids  gorge,  from 
West  Grand  Trunk  Railway  bridge.  At  the  water  level  in  the  distant  edge 
of  the  right-band  clifi  the  Whirlpool  sandstone  appears.  Above  it  are  the 
Medina  sandstones  and  shales  forming  the  lower  slope.  The  Clinton  limestones 
form  the  middle  diff  of  both  banks,  the  Rochester  shales  (68  feet)  the  upper 
slofMng  bank,  and  the  Lockpoit  dolomites  the  upper  cM.  (F.B.TayltH',  photo; 
from  V.  S.  G.  S.) 


Fio.  1166.  ^Wall  of  Niagara  gorge  below  Suspension  Bridge,  American 
sde,  view  from  Canadian  bank.  The  lower  part  of  the  cliS  above  the  gorge 
road  is  formed  of  the  Medina  sandstone  (red)  capped  by  the  white  Thorold 
quartzite,  here  four  and  one-half  feet  thick,  and  shown  as  the  lower  white  band 
in  the  cliff.  Above  this  lies  the  Clinton  Shale  {g  feet  or  less)  capped  byitbe  din- 
ton  limestones  which  form  a  prominent  cliff.  The  Rochester  shale  succeeds 
this,  while  the  terminal  cliff  is  formed  by  the  Lockport  limestone  U>d  dolomite, 
(Cotutccy  N,  Y.  Swte  Museum,  John  M.  Carke,  Director.) 
323 
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layers  near  the  top,  where  the  remarkable  merostome  Euryf4enti 
and  its  allies  (Fig.  1169}  are  found,  often  in  great  abundance  and 
perfection  of  preservation.    The  remains  of  a  few  other  organisms 


Fig.  1167.  —  Sect  on  of  he  Horseshoe  Falls  N  ugata  to  show  the  urange- 
ment  of  the  strata  7  b  Med  na  sands  on  s  and  hales  with  Whirfpool  sand- 
stone at  base  (rett  ng  on  Queenston  shales)  and  Thorold  quartxite  above ;  8  a, 
CUnton  shale  and  Umestoocs;  S  b,  Rochester  shale;  8  c,  Lockport  doloinite. 
(After  GUbert)     . 


Fig.  1168.  — Section  in  the  Cement  quarry,  North  Buffalo,  N.  Y.  At  the 
base  is  the  Bertie  naterlime  with  the  cemeTlt  bed  {d)  followed  by  the  Cobleskill 
(Akron)  dolomite  (c).  The  surface  of  this  layer  is  marked  by  erosion,  and 
frequently  by  a  layer  of  sand  grains.  Above  it  lies  disconformably  the  Onon- 
daga limestone  (b)  followed  by  the  cherty  beds  (Comiferous  limestone,  a), 
both  of  Middle  Devonian  age.  The  disconformity  can  be  traced  across  the  view 
as  an  irregularity  of  contact.  (Courtesy  N.  Y.  State  Museum,  John  M.  Clarke, 
Director.) 
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are  also  found.  Above  the  Berlie  waterlime  app>ears  a  thin  bed 
of  dolomitic  limestone,  the  Cobleskill  (Fig.  1168  c),  which  is  char- 
acterized by  some  small  brachiopods,  5^'rty«' menjj'j  (Fig.  1170  a,  A 
etc),  a  coral,  the  ostracod  LeperdiHa  scdaris  (Fig.  1170/),  and 


some  other  types.  The  top  of  the  Cobleskill  shows  a  strong 
erosion  surface  upon  which  frequently  lies  a  thin  layer  of  quartz 
sand  grains,  followed  by  a  thick  bed  of  limestone  (Onondaga) 
which  is  of  Middle  Devonian  age  (Fig.  1168  6).    Thus  there  is 


Fig.  1170.  —  Upper  Silurian  (CoblesbiU)  fosals.  a-i,  Spirifrr  eriensis; 
c-d,  WUtfitldeUa  tukaiii;  t,  SckmherkUo  inlerslriola;  /,  LtptrdiHa  scolaris, 
left  valve. 

at  this  point  a  great  break  in  the  series.    There  is  another  break, 
though  not  well  indicated,  between  the  Salina  and  Bertie  groups. 

Section  at  Kingston,  Hew  York  (Fig.  1171). — At  Kingston, 
New  York,  on  the  banks  of  the  Hudson  River,  the  strata  are  folded 
and  variably  inclined.    At  the  base  of  the  section  we  find  the 
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CoblesklU  limestone  lying  unconfonnably  upon  the  Ordovidan 
shales  and  sandstones,  the  two  differing  markedly  in  dip,  in  some 


Fig.  1 171.  —  Section  at  Kingston,  N.  Y.,  showing  the  Upper  Silucuu  (upper 
Monroe  beds,  Cobleskill  to  Manlius)  resting  unconfonnably  upon  the  Ordovi- 
dan Hudson  River  beds  and  followed  confonnably  by  the  Lower  Devonian 
Coeymans   limestone.     (Original.) 

sections  being  inclined  at  right  angles  to  each  other  (Fig.  1172). 
Besides  the  fossils  found  in  this  rock  at  BtiSalo  there  occasionally 


Fio.  ii7».  —  Unconfomiable  contact  between  Hudson  River  sandstUMi 
(Ordovician),  dipping  steeply  to  the  left,  and  nearly  vertical  Upper  Silurian 
strata  (Cobleskill  limestone)  resting  against  them.  (See  Figs.  537  and  51%  a,b, 
pp.  609-611,  Pt.  I.) 
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occurs  the  coral  HalysUes.  Above  the  Cobleskill  follows  the 
Rondout  waterlime,  formerly  much  quarried  for  natural  cement 
<J\%.  1173),  as  was  the  Bertie  below  the  Cobleskill  at  Buffalo. 


Ftc.  1173. — Disturbed  Upper  SQurian  strata  above  Rondout,  New  York 
(Gbry  HolcKCtion,  Vlighll>erg),showingrepeatedoverthrustsof  folded  strata 
of  Rondout  and  Manlius  limestones.  The  Uperditia,  Pnsmatic  and  Paving 
block  membcn  lie  between  the  cement  rock  (Rondout)  and  the  tyjncal  Manlius. 
(Courtesy  N.  Y.  State  Museum,  John  M.  Qarke,  Director.) 

The  Rondout  is  rarely  fossiliferous,  but  includes  layers  characteN 
ized  by  mud-cracks  (Fig.  1174).  Then  follows  another  series  of 
fine-grained,  thin-bedded  limestones,  the  Manlius,  50  feet  thick, 
and  with  comparatively  few  species  of  fos^,  generally  restricted 
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to  certain  layers  but  occurring  often  in  great  numerical  abundance. 
The  most  conspicuous  are:    the   small,  ringed  and    needle-like 


Fig.  1174. — Prismatic  layer  in  the  Rondout  waterlime,  Upper  Silurian 
(Monroan)  of  Kingston,  New  York.  These  prisms,  which  are  seen  on  the 
under  side  of  the  overhanging  ledge,  represent  mud-cracks  in  the  old  lime- 
muds,  and  indicate  exposure  to  the  air  during  their  formation. 

TenUKulites  gyracanlkus  (Fig.  ii75),oneof  theConularida(p.  126), 
the  small  bean-shaped  ost raced  LeperdUia  alki  (Fig.  1 176),  and  the 
small  brachiopods  Spirijer  vanuxemi  (Fig.  1177)  and  Stropheodonia 


TenUtcutiles  gyracanihus  (conularid),  Manlius  limestone. 
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varistriaius  (Fig.  1178),  In  some  places  also  the  subspherical  hy- 
drozoan  colony,  Stromalopora,  b  very  abundant.  The  series  is 
succeeded  practically  without  break  by  the  coarser-grained  Coey- 


mans  limestone,  the  basal  bed  of  the  Helderbergian  (Lower 
Devonian)  series.  Thus  we  have  added  two  more  formations  to 
the  tc^  of  the  Silurian,  above  which  follows  conformably  the  Lower 


Flo.  1 1 78.  —  Slropkeodonta  varislriala,  Manlius  limestone. 

Devonian.    The  disturbed  character  of  these  rocks  in  some  sec- 
tions is  shown  in  Fig.  11 73. 

South  of  Kingston,  a  lower  series  of  formations  appears  beneath 
the  Cobleskill.     Immediately  below  it  lies  a  lower  waterlime, 


Fia  1179.  —  Section  acrow  the  pitching  antidine  at  Rosendale  New  York, 
showing  the  unconformable  relation  of  the  Shawangunk  conRlomerate  to  the 
Hudson  River  shales  and  snidstones,  the  succeeding  lower  Monroe  (High  Falls) 
shales,  Binnewater  sandstone  {middle  Monroe)  and  the  upper  Monroe  lime- 
stones. The  two  waterlimes  have  here  been  extensively  quarried.  On  the 
left  the  Shawangunk  conglomerate  b  brought  above  the  Rosendale  by  a  thrust- 
Uult.    (Original.) 
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the  Rosmdale  (Fig.  1179),  and  this  rests  upon  a  thin  limestone, 
the  WiUmr,  which  in  turn  overlies  a  quartz  sandstone,  the  Btnne- 
vxUer,  and  underlying  this  we  find  a  series  of  red  and  green  shales 


Fig.  1180.  —Section  from  Rosendale,  New  York,  to  Indian  Ladder,  New 
York,  showing  the  unconformable  superposition  of  the  Silurian  beds  upon  the 
Hudson  River  series  (disconformabie  in  the  north)  and  the  overlap  of  the 
successive  strata  northward.    (Original.) 

and  some  thin  waterlimes  {Bigk  FaUx  scries),  these  lying  in  turn 
upon  a  white  quartz  pebble  conglomerate  {Shawangunk  con- 
glomerate), the  thickness  of  which  increases  southward  until  in 
the  Shawangunk  Mountains,  from  which  it  receives  its  name,  it  has 
reached  600  feet  or  more.  The  above  section  (Fig.  1 180)  shows  the 
northward  overlaps. 


Fig.  1181.  —  Section  at  the  Delaware  Water  Gap  showing  the  very  gentle 
unconformity  between  the  Hudson  River  shales  and  the  Shawangunk  con- 
glomersite  which  forms  the  main  mountain  ridge  and  is  about  1500  feet  thick. 
The  succeeding  Longwodd  shales,  about  looo  feet  thick,  are  red  beds  terminated 
by  a  sandstone  member.  '  The  lower  Monroe  is  represented  by  shales  and  linw- 
stones,  the  Sylvania  horizon  by  a  pebble  bed,  and  the  upper  Monroe  chiefly  by 
limestones.     (Original.) 

SflctJoa  at  the  Delaware'Water  Gap,  Pennsylvania  (Fig.  1181).  — 
In  this  section  the  beds  dip  at  a  steep  angle  to  the  northwest  and 
within  the  gap  they  show  a  series  of  small  anticlines  and  synchnes. 
At  the  gap  and  forming  the  crest  of  the  high  mountain  ridges  on 
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each  side  is  the  Shawangunk  conglomerate,  about  1500  feet  thick, 
resting  with  a  slight  unconformity  upon  the  Ordovician  shales 
and  sandstones,  a  relationship  also  found  elsewhere  in  that  state 
and  in  parts  of  New  York  (Fig.  1 182).  In  the  conglomerate  series 
are  occasional  thin  beds  of  black  shales  which  cany  abundant 
remains  of  euryptcrids,  which  are,  however,  generally  fragmentary. 
Essentially  the  same  eurypterid  remains  are  found  in  black  shales 
at  the  contact  between  the  Guelph  and  the  Salina  in  western  New 
York  (Rochester  region),  and  the  Shawangunk  conglomerate  is 
thus  seeo  to  represent  essentially  that  horizon.    The  trail  Ar- 
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Fig.  1 161.  — -  Unconformity  be^tween  Shawangunk  conglomerate  (Silurian) 
and  Hudson  shale  (Ordovician)  exposed  in  railroad  cut  west  of  Otisville,  N,  Y. 
(Courtesy  N.  Y.  SUte  Museum,  John  M,  Clarke,  Director.) 

thropkycus  is  also  occasionally  found.  This  conglomerate  passes 
upward  into  a  great  series  of  red  sandstones  and  shales  about 
2000  feet  thick  {Longwood  beds).  After  a  covered  interval,  the 
section  shows  a  series  of  shales  and  limestones  350  feet  or  more  in 
thickness,  the  limestones  usually  very  fine-grained  and  with  fossils 
in  certain  layers,  most  common  among  which  are  those  found  in 
the  Manlius  limestone  elsewhere  but  ranging  here  through  a  greater 
thickness. 

The  beds  thus  represent  only  the  Middle  and  Upper  Silurian 
formations,  the  former  being  mostly  continental  (torrential  con- 
glomerates and  red  beds)  and  the  latter  fossiliferous  limestones. 

The  Lower  SOurian  or  Niagara  is  absent  here,  being  overlapped 
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by  the  higher  divisions.    These  lower  beds  appear,  however,  in 

the  Appalachian  ranges  farther  west,  as  shown  in  the  next  section. 

Sections  across  Appalachian  Ridges.  —  Bald  Eagle  Mountain  is 

the  westernmost  of  the   Appalachian  ridges,   extending  through 


Fig.  11S3.  — Section  of  Bald  E^gle  Mountain,  central  Pennsylvania,  a  double 
ridge  fonned  by  the  redstant  sandstones  and  conglomerates  with  led  beds  be- 
tween, each  atMut  looo  feet  thick.  The  Niagaran  is  mostly  represented  by 
shales  and  sands,  the  lower  Monroe  by  thin-bedded  ribbon  limestones,  and  the 
upper  Monroe  by  a  inasuve  coral  limestone  (Lewiston  limestone).     (Original.) 

central  Pennsylvania,  and  represents  one  of  the  erosion  remnants  of 
the  Appalachian  folds.  Most  of  the  formations  shown  in  this  ridge 
are  also  found  in  the  other  parallel  ridges  throughout  the  Appala- 
chians, the  sandstones  generally  forming  the  crests  of  the  mountains. 


Fio.  1184  a.  —  Alluvial  fan  or  delta  formed  of  sands  washed  from  Af^wlachia 
into  the  Appalachian  trough  and  now  constituling  the  Tuscarora  sandstone 
of  Pennsylvania,  and  Maryland.  The  contour-lines  represent  the  thickness 
of  the  formation  as  originally  deposited.  The  quadrangles  represent  the  modem 
map-sheets  of  the  region  (  U.  S.  topographic  sheets).  A  cross-section  (vertical 
scale  greatly  exaggerated)  is  shown  in  black.     (Original.) 
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Resting  conformably  upon  Upper  Ordovician  fossiliferous  shale, 
and  forming  the  first  ridge,  is  a  great  conglomerate  {Bald  Eagle), 
about  looo  feet  thick,  which  is  followed  by  a  series  of  red  sandstones 
and  shales  (Juniata)  of  similar  thickness.  These  represent  the 
closing  stages  of  the  Ordovician  and  are  comparable  in  part  to  the 
Oswego  sandstones  and  Queenston  shales  of  New  York.    Some- 


Fig.  1 184  b.  —  Alluvial  fan  or  delta  formed  of  sands  washed  from  Appalachia 
into  the  Appalachian  trough  and  now  constituting  the  Clinch  sandstone  of 
^rginia,  Kentucky,  and  Tennessee.  The  contours  show  the  thickness  of  the 
formation  as  originally  deposited.  The  quadrangles  represent  the  modem 
map-sheets  of  the  region  (U.  S.  topographic  sheets).  A  cross-section  (vertical 
scale  greatly  exaggerated)  is  shown  in  black.     (Original.) 

where  in  the  upper  part  of  the  red  series  the  Silurian  begins,  though 
the  contact  is  not  marked  but  shown  chiefly  by  the  presence  of 
Arthfophycus  harlani  (Fig.  759),  etc.  The  next  succeeding  sand- 
stone, the  Tuscarora,  also  about  1000  feet  thick,  is  of  early  Silurian 
age  and  is  traceable  widely  over  the  Appalachian  Mountains,  as  it  is 
one  of  the  chief  crest-makers.  In  Virginia  this  rock  goes  by  the 
name  of  Clinch  sandstone^  from  the  mountain  of  that  name  which 
it  forms  (Fig.  752).     These  sandstones  are  erosion  remnants  of 
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what  was  originally  a  series  of  more  or  less  confluent  delta-like 
deposits  built  westward  from  Appaladua  into  the  Appalachian 
trough,  and  the  westernmost  thin  edge  of  which  is  represented  by 
the  Thorold  quartzite  of  the  Ni^ara  section  (Fig.  11840).  Upon 
the  Clinch  follows  a  series  of  shales  and  sandstones,  often  with 
fossUs  and  with  one  or  more  beds  of  iron  ore.    In  the  southern 


Appalachians  this  formation  is  called  the  Rochoood.  It  represents 
the  shallow  water  marine  equivalent  of  the  Clinton  and  part  of 
the  succeeding  beds  of  the  Niagara  section.  Then  follow  more 
^lales  and  sandstones,  some  of  them  red,  Salina  and  Monroe,  and 
the  section  is  terminated  by  a  great  limestone  series,  —  the  lower 
part  fine  grained  and  with  few  fossils,  the  upper  coarser  grained 
and  abounding  in  fossUs,  most  common  among  which  are  stroma- 
toporas  and  corals  (Fig.  1185).  This  highest  division  is  called  the 
Leunslon  {Keyser)  limestone,  and  it  is  followed  by  beds  <rf  Helder- 
bergian  age  (Lower  Devonian),  the  succession  being  uninterrupted. 

Interpretation  of  the  Sections 
Taking  these  and  numerous  other  sections  of  the  Silurian  in 
North  America  as  the  basis  of  our  interpretation  of  the  history, 
we  are  able  to  deduce  the  following  general  facts. 
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Lower  Silurian.  —  In  the  central  areas  (Wisconsin,  Michigan, 
Ohio,  etc.)  the  tx)wer  Silurian  or  Niagaran  is  wholly  marine  and 
mostly  limestone,  resting  disconformably  upon  the  older  rocks, 
with  in  some  cases  (eastern  Wisconsin)  an  oolitic  iron  ore  at  the 
base.  As  we  approach  the  Appalachian  trough  we  find  shales 
and  sandstones  partly  replacing  the  limestones,  especially  in  the 
basal '  part  (Medina).  These  sandstones  increase  in  thickness 
eastward  until  they  assume  the  character  of  great  sand  deltas 
(Tuscarora,  Clinch),  while  the  succeeding  beds  are  mainly  shales 
and  sandstone,  limestones  being  very  rare  in  the  series  in  the 
Appalachian  trough.  From  this  we  draw  the  following  conclusion : 
In  Lower  Silurian  (Niagaran)  time  the  Appalachian  trough  was 
plentifully  supplied  with  sands  and  muds  by  streams  entering 
from  Appalachia.  These  streams  at  first  built  a  series  of  sand 
deltas  (Fig.  11 84),  and  later  deposited  chiefly  muds  and  some  sands. 
The  sand  delta  deposits  contain  no  fossils  (except  the  trail  Ar- 
tkrophycus)y  which  shows  that  normal  sea  water  was  kept  out  from 
the  more  easterly  parts  of  the  trough.  The  presence  of  marine 
fossils  in  the  higher  mud  deposits  indicates  that  in  the  later  stages 
the  subsidence  was  sufficiently  rapid  to  permit  the  sea  to  enter 
this  part  of  the  trough  as  well.  Meanwhile  the  interior  of  the  cotrn- 
try  was  covered  by  the  sea  and  in  those  parts  into  which  the  mud 
deposits  from  Appalachia  did  not  extend,  pure  limestones  only 
were  formed,  these  being  in  many  cases  due  to  the  abundant 
growth  of  corals  and  stromatoporas.  Many  old  reefs  or  reef- 
like accumulations  have  been  discovered  in  this  series,  especially 
in  Wisconsin,  Michigan,  Ohio,  and  Indiana,  the  most  famous  being 
the  one  at  the  Falls  of  the  Ohio  near  Louisville,  Kentucky,  which 
region  has  furnished  an  abundance  of  finely  preserved  (usually 
silidfied)  Niagaran  corals.  This  leads  to  the  conclusion  that  the 
waters  of  the  interior  s€as  were  warm  and  pure,  with  an  abundant 
development  of  life. 

Midway  between  the  zones  of  abundant  sand  and  mud  deposits 
in  the  east  and  the  zone  of  pure  limestone  formation  in  the  interior 
was  the  zone  of  transition,  where  at  one  time  sands  and  muds,  at 
another  time  limestones,  were  forming,  owing  to  the  oscillatory 
nature  of  the  sea-bottom.  As  certain  species  of  animals,  such  as 
corals,  live  only  in  pure  water,  th^se  are  confined  to  the  limestones. 
Other  types  of  animals  (brachiopbds,  etc.),  which  can  live  in  muddy 
waters  as  well,  are  found  both  in  the  shales  of  the  central  and 


336 


The  Silurian  System 


1186.  —  faisetygtograpbic  map  of  Nortti  America,  showing  the  distiibu- 
tioD  of  land  and  sea  (black),  in  early  Niagaran  time.    (Original.) 


eastern  region  and  in  the  limestones  formed  at  the  same  time 
farther  west,  while  still  others  are  restricted  to  the  shales. 

A  careful  study  of  the  character  and  distribution  of  the  fos^s 
shows  further  the  following  facts.  There  were  at  least  three 
centers  of  origin  from  which  the  organisms  invaded  the  interior 
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sea.  The  most  important  of  these  faunal  centers  was  the  northern 
one,  apparently  the  region  of  the  present  Arctic,  which  was  tfeen 
the  center  of  coral  growth  and  therefore  a  warm  water  ocean. 
Corals  then  grew  abtmdantly  not  only  over  Michigan,  Wisconsin, 
and  Canada,  but  also  in  the  American  Arctic  region  and  on  the 
other  side  of  the  earth  in  Siberia  in  regions  now  lying  within  the 
Arctic  Circle.  The  similarity  of  the. corals  on  both  sides  of  the 
earth  suggests  that  free  communication  existed  across  the  present 
Arctic  between  North  America  and  northern  Asia,  from  which, 
as  we  shall  see,  arms  extended  into  Europe. 

A  second  faunal  province  appears  to  have  been  the  southern 
Pacific,  from  which  the  organisms  entered  the  epeiric  seas  which 
then  covered  North  America  by  way  of  the  southern  end  of  the 
Appalachian  trough,  and  spread  westward  and  northward  whenever 
the  conditions  permitted.  Now  it  is  perfectly  possible  to  determine 
the  characteristics  of  this  fauna  by  noting  what  it  was  like  before 
there  was  any 'intermingling  with  species  from  other  sources. 
Fortunately  the  oldest  Silurian  deposits  in  the  southern  Mississippi 
Valley  were  of  a  limited  extent,  and  because  they  are  restricted 
to  that  area  and  their  several  beds  overlap  northward,  it  is  seen 
that  they  were  formed  in  an  embayment  from  the  south 
(Fig.  1 186).  This  fauna  consists  of  small,  flat-shelled  brachio- 
pods  {Schucheriellay  etc.),  smoOth-shelled,  convex  brachiopods 
{WhitfiddeUa),  small  plicated  brachiopods  (HonuBOSpira,  etc.), 
small  pelecypods  and  gastropods,  and  other  types  (Fig.  1170). 
From  the  small  size  and  general  appearance  of  the  organisms,  it  is 
hard  to  escape  the  conclusion  that  they  were  derived  from  a  source 
which,  on  the  whole,  was  unfavorable  to  the  development  of  many 
and  complex  species,  and  the  most  ready  interpretation  seems  to 
be  that  the  waters  of  the  southern  Pacific  at  that  time  were  colder 
than  those  of  the  Arctic,  though  this  is  by  no  means  proved  to  have 
been  the  case. 

A  third  faunal  province  was  the  Atlantic  Ocean,  the  animals 
from  which  entered  the  interior  of  North  America  by  the  north- 
em  end  of  the  Appalachian  trough,  which  was  then  in  com- 
munication with  the  Atlantic.  As  might  be  supposed,  many  of 
the  species  of  this  province  are  also  found  in  the  rocks  of  western 
Europe,  especially  in  England,  because  that  region  also  com- 
municated with  the  Atlantic.  This  fauna  is  most  abimdant  in  the 
rocks  of  Anticosti  Island  in  the  Gulf  of  St.  Lawrence,  which  island 
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preserves  a  Fenmant  of  the  sea  bottom  of  that  time,  near  the  north- 
em  end  of  the  Appalachian  trough.  The  deposits  in  the  other 
parts  of  the  Appalachian  trough  also  contain  these  spedes,  some- 
what mingled  with  those  entering  from  the  northwest  and  from  the 
south.  This  Atlantic  fauna  also  migrated  westward  to  some  ex- 
tent into  the  region  occupied  by  the  coral  fauna,  and  the  fossils 
of  the  Clinton  limestone  show  this  westward  invasion  most  com- 
pletely. On  this  account  the  fauna  is  sometimes  spoken  of  as 
the  Clinton  fauna,  but  the  beds  carrying  it  in  the  east  are  much 


Fig.  1187.  —  Diagram  illustrating  tbc  relationships  of  the  principal  faunas 
in  the  Niagaran  rocks  of  North  America.  The  "Clinton  "fauna  with  PmfaMcnu 
Mcnfus,  Ci^spira  henUspkitrica,  etc.,  on  the  east  (shown  in  black)  entered 
from  the  Atlantic ;  the  Niagara  or  Boreal  fauna  on  the  west  (in  white)  with 
Halytila,  Fatasiles  and  other  corals  and  with  distinctive  brachiopods,  etc., 
came  from  the  north.  The  Niagarun  strata  on  the  west  contain  mainly  this 
coral  fauna  except  for  the  basal  portion  in  which  the  "Clinton"  fauna  occurs. 
On  the  east  the  Niagaran  beds  are  chiefly  occupied  by  the  ' '  Clinton  "  or  Atlantic 
fauna.  Between  the  two  an  intermediate  or  mingled  type  is  found  In  the 
Rochester  shales.    (Original.) 

more  extensive  and  cover  a  greater  time  interval  than  the  Clinton 
beds  of  the  Niagara  section.  The  section  (Fig,  1187)  shows  the 
east-west  relationship. 

There  was  another  area  of  Niagaran  deposition,  namely,  in  the 
Cordilleran  geosyncline,  but  the  formations  there  have  been  little 
studied.  It  is  known  that  at  the  close  of  the  Ordovician  the 
Siberian  Silurian  fauna,  with  its  corals  and  other  types,  had  entered 
this  trough,  forming  an  advance  invasion,  while  the  late  Ordovician 
(Richmond)  fauna  apparently  still  lingered  in  the  interior.  In 
some  sections  black  Niagaran  shales  with  Cyrtograptus  (Fig.  raos) 
rest  disconformably  upon  similar  Lower  Ordovician  shales  with 
Pkyllograptus  (Fig.  1070),  but  the  relationship  of  these  depodts  to 
those  of  other  regions  is  still  unknown.  In  Alaska  some  evidence 
of  glacial  conditions  in  Silurian  time  has  recently  been  discovered. 
Some  of  the  stages  in  the  development  of  the  Niagaran  epeiric 
seas  are  shown  in  the  palsogcographic  maps  (Figs.  itS6,  ir88). 
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FtG.  t  iSS.  —  Palcogcographic  aap  at  North  America,  showing  the  distribu- 
tion  <A  land  and  sea  (black)  in  late  Niagaran  time,  when  the  sea  had  attained 
nertent.    (Ori^nal.) 


It  is  now  plain  why,  in  different  parts  of  our  country,  the  Niagaran 
series  is  not  only  represented  by  different  types  of  sediments,  but 
also  why  different  assemblages  of  organisms  exist  in  different 
parts.    By  the  confluence  of  the  several  invading  waters,  an  oppor- 
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tunity  for  commingling  and  for  further  development  of  the  several 
faunas  was  furnished. 

The  Middle  Silurian  or  Salinan.  —  Throughout  the  Appalachian 
region  of  New  York  and  Pennsylvania  the  Middle  Silurian  or 
Salinan  is  represented  by  continental  deposits,  partly  quartz- 
pebble  conglomerates,  but  largely  red  beds  (shales  and  sand- 
stones). South  of  Maryland  the  Salina  beds  are  absent,  fossil- 
iferous  Upper  Silurian  or  Monroan  beds  resting  disconformably 
upon  the  Niagaran  strata.  They,  however,  sometimes  include 
sands  and  clays  which  were  originally  deposited  during  the  Salina 
period,  but  were  reworked  by  the  advancing  Monroan  seas,  and 
from  their  red  color  may  be  mistaken  for  Salina  sediments.  In 
central  and  western  New  York,  in  northern  Ohio,  in  Michigan, 
and  in  parts  of  Ontario,  the  SaHna  is  represented  by  shales  and 
lime-mud  beds  (calcilutytes)  which  inclose  extensive  rock  salt  de- 
posits amounting  in  the  aggregate  to  many  hundreds  of  feet 
of  rock  salt.  In  some  sections  the  lime  mud-rocks  have  been 
altered  to  gypsum  by  sulphuric  waters,  but  original  gypsum  or 
anhydrite  deposits  are  exceedingly  rare,  and  when  they  occur 
they  do  not  occupy  the  normal  position  beneath  the  salt  beds  that 
is  foimd  in  salt  deposits  of  oceanic  origin.  In  New  York  state 
an  extension  of  the  red  beds  {Vernon  shale)  generally  imderlies 
the  salt  series,  but  this  dies  away  westward  as  is  to  be  expected 
in  a  deposit  which  was  derived  from  the  east.  Both  the  salt  and 
'  the  red  beds  indicate  arid  conditions  during  this  period. 

What,  then,  was  the  source  of  the  salt?  We  have  seen  that  the 
absence  of  gypsum  or  anhydrite  beds  beneath  the  salt  negatives 
a  marine  origin,  for,  as  has  been  explained  (p.  234,  Pt.  I),  in 
normal  marine  salts  each  salt  bed  should  be  preceded  by  a  bed  of 
gypsum  or  anhydrite.  Furthermore  we  have  seen  that  salt  de- 
posits formed  in  lagoons  in  frequent  connection  with  the  sea  should 
be  characterized  by  layers  of  sediment  rich  in  organic. remains; 
but  organic  remains  are  conspicuously  absent  from  the  Salina  de- 
posits. Again,  it  has  been  shown  that  when  salt  deposits  are  formed 
in  a  lagoon  or  in  a  permanent  cut-oflF  from  the  sea,  there  are  present 
somewhere,  not  too  distant  from  the  salt  deposits,  normal  marine 
conditions  under  which  normal  marine  fossiliferous  sediments  are 
deposited.  But  nowhere  on  the  whole  continent  of  North  America 
are  there  any  marine  Salina  deposits  known,  and  although  such 
deposits  were  undoubtedly  formed  in  the  oceans  of  the  time,  these 
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Fio.  iiSq.  —  Palzogeographic  map  of  North  America,  showing  the  dbtribu- 
tioD  of  land  and  sea  (black)  at  the  close  of  Palzo-SiluriaD  (Niagaran)  or  <^nmg 
of  Meso-^urian  time.  The  Shawangunk  delta  or  alluvial  fan  was  deposited  by 
the  rivers  oE  Appalachiai  the  interior  lagoons  were  sometimes  fresh-water 
takes,  sometimes  salt-water  bodies,  when  the  sea  broke  across  the  barriers. 
This  stage  was  followed  by  the  complete  drying  up  of  the  interior  waters,  and 
the  formation  of  the  Sahoa  desert,  in  which  tlie  red  beds,  and  salt  deposits 
accumulated.    (Original.) 
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oceans  were  too  far  removed  from  the  region  of  salt  deposition  to 
permit  communication  with  it.  If  there  had  been  communication, 
its  path  should  be  marked  by  fossiliferous  marine  Salina  deposits. 
But,  as  stated,  these  are  unknown,  nor  could  these  deposits  have 
been  wholly  removed  by  subsequent  erosion,  because  there  are 
too  many  localities  remaining  around  the  salt  area  where  Upper 
Silurian  (Monroan)  beds  rest  directly  upon  the  Lower  Silurian 
(Niagaran),  the  contact  being  marked  by  an  erosion  plane.  In 
the  salt  area,  however,  the  marine  Upper  Silurian  beds  rest  upon 
the  Salina  beds,  thus  clearly  indicating  that  the  sea  returned  after 
the  deposition  of  the  Salina  strata. 

Reviewing  all  the  sections,  the  following  history  is  indicated. 
At  the  end  of  Niagaran  time  the  sea  withdrew  from  the  North 
American  continent.  Deposits  of  pebble  beds  were  formed  in 
the  Appalachian  trough  by  rejuvenated  rivers  from  Appalachia 
as  a  result  of  the  elevation  of  the  land  which  caused  the  withdrawal 
of  the  sea  (Fig.  1189).  These  pebble  beds  now  constitute  the 
Shawangunk  conglomerate.^  Then  conditions  changed  to  aridity, 
probably  as  the  result  of  continued  elevation  pf  the  mountains  of 
Appalachia,  which  shut  out  the  moisture-bearing  winds  from  the 
Atlantic  —  the  prevailing  winds  of  the  time.  The  intermittent 
streams  from  Appalachia  continued  to  build  alluvial  fans  into  the 
now  dry  Appalachian  trough.  These  deposits  were  formed  at  such 
intervals  that  thorough  oxidation  of  the  iron  disseminated  in  them 
could  take  place.  As  a  result  these  beds  are  to-day  (after  long 
burial,  dehydration,  and  subsequent  resurrection  by  erosion  of 
overlying  beds)  typical  red  beds.  The  finer  muds  of  these  oxidized 
deposits  were  spread  over  parts  of  the  interior  (New  York,  Penn- 
sylvania), probably  by  the  wind,  forming  a  sort  of  loess-like  deposit, 
as  in  modem  deserts.  Thus  were  formed  the  fine,  uniform,  and 
structureless  red  shales  found  in  some  sections  (Venion  red  shale 
of  New  York,  Bloomsburg  shale  of  Pennsylvania). 

Meanwhile,  the  elevated  Niagaran  limestones  everywhere  were 
undergoing  disintegration.  As  these  had  but  just  been  raised 
above  sea-level,  they  were  rich  in  enclosed  connate  sea-water 
and  sea-salt.  This  was  set  free  on  disintegration  of  the  enclosing 
limestones  and,  imder  the  arid  climate,  accumulated  as  a  salt 

>  As  this  conglomerate  apparently  accumulated  in  the  east  while  the  Guelph  dolomites 
were  accumulating  farther  west,  it  may  with  propriety  be  referred  to  the  closing  stages 
of  the  Niagaran  instead  of  the  opening  stages  of  the  Salinan  as  is  generally  done. 
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effloresceoce.  Occasional  rains  dissolved  this  superficial  salt  crust, 
and  carried  the  salt  in  solution  into  the  deeper-lying  basins  of  the 
region  (New  York,  Michigan,  Ontario,  Ohio),  where,  by  evaporation 
of  the  water,  the  salt  was  left  behind  as  it  is  in  modem  deserts. 
Whenever  the  other  products  of  disintegration  of  the  limestone 
were  washed  or  blown  into  these  basins,  layers  of  lime-mud  covered 
the  salt  beds,  to  be  in  turn  succeeded  by  other  salt  beds.  Subse- 
quent alteration  changed  some  of  these  lime-mud  deposits  to 
gypsum,  but  original  gypsum  was  not  ordinarily  deposited,  except 
as  scales  and  crystals  in  the  »lt  and  sand  around  the  salt  lakes, 


Fig.  ttgo.  —  Salt  wells  in  the  Salina  fonnatlon  ii 
Syracuse,  N.  V. 


the  TuUy  Valley,  soutlt  of 


where  they  are  found  to-day.  At  the  close  of  the  Salina  period 
the  seas  again  advanced  on  this  continent,  and  their  deposits 
were  spread  alike  on  the  Salina  beds  and  on  the  eroded  Niagara 
beds  which  surrounded  the  Salina  basins. 

It  is  thus  clear  that  all  the  characters  of  the  Salina  deposits  and 
their  relation  to  the  other  formations  point  to  accumulation  in 
interior  basins  not  in  communication  with  the  sea.  The  salt  is 
thus  of  connate  origin,  being  in  large  measure  the  sea-salt  inclosed 
in  the  Niagaran  rocks  while  they  were  forming  on  the  bottom  of 
the  Lower  Silurian  sea.  These  deposits  constitute  one  of  the 
most  important  sources  of  salt  in  the  United  States,  the  mineral 
being  obtained  both  by  mining  and  by  underground  solution  and 
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pumping  of  the  brine  to  the  surface.    Evaporation  of  the  brine 
is  largely  effected  by  artificial  heat  (Figs.  1190,  1191). 

The  Upper  Silniian  or  Monxoau.  —  In  southern  Michigan  and 
the  adjoining  districts,  where  the  Salina  fonnation  b  developed 
in  it3  full  thickness  and  where  the  most  extensive  beds  of  rock. 
salt  known  in  that  formation  occur,  we  also  find  the  best  preserved 
series  of  Upper  Silurian  rocks,  the  Monroan.  This  has  an  aggregate 
thickness  of  a  thousand  feet,  and  consists  <A  two  main  divisions 


Fio.  1191.  — Syracuse  salt  works.    The  sail  is  obtained  from  the  Salina  brines, 
and  separated  both  by  solar  and  artificial  evaporation, 

of  limestones  and  dolomites,  separated  by  a  pure  quartz  sandstone, 
the  Sylvania.  This  sandstone  indicates  a  period  of  emergence 
and  the  accumulation  upon  the  exposed  surface  of  quartz  grains, 
apparently  derived  from  the  erosion  of  the  older  St.  Peter  sand- 
stones. These  grains  are  wonderfully  well  rounded  and  of  remark- 
able uniformity  of  size,  while  grains  of  other  minerals  are  wholly 
wanting,  making  this  an  ideal  rock  for  the  manufacture  i)f  glass 
(Fig.  361,  p.  440,  Pt.  I).  The  thickness  of  the  sandstone,  which 
reaches  in  places  150  feet,  its  areal  extent,  the  strong  eolian  cross- 
bedding  as  well  as  the  detailed  characters  of  the  grains  above 
mentioned,  indicate  that  the  period  of  exposure  which  it  represents 
and  which  feU  between  the  deposition  of  the  lower  and  the  upper 
Monroan  formations  was  long,  and  its  importance  b  further  indi- 
cated by  the  great  contrast  between  the  organic  remuns  which  are 
found  in  the  lower  and  in  the  upper  Monroan  beds. 
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Fio.  1199.  —  PalKogeographk  map  of  North  America  in  e«riy  Neo-Silurian 
(lower  ManroBn)  time,  lowing  the  dUtributkiu  of  land  and  sea  (black). 

When  we  trace  the  distribution  of  the  lower   Monroan  beds 

over  North  America,  we  find  them  restricted  to  the  southern  parts 

of  the  Appalachian  trough,  as  far  north  as  New  Jersey,  whence 

they  extend  westward  over  Pennsylvania,  Ohio,  Michigan,  and 

.  Wisconsin.    They  are  also  known  from  a  few  localities  in  New  York 
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state.  Wherever  the  Salina  beds  are  present,  these  lower  Monroan 
beds  rest  upon  them,  but  in  all  other  localities  they  rest  upon  the 
eroded  surfaces  of  the  Niagaran  or  older  rocks.  The  map  (Fig. 
1 192)  shows  the  extent  of  the  lower  Monroan  sea,  and  the  areas 
where,  its  deposits  rest  upon  Salinan  rocks.  It  also  shows,  what 
is  clearly  indicated  by  the  distribution  of  the  formations,  that  this 
sea  was  an  invasion  of  the  continent  from  the  Pacific  on  the  south. 

The  organic  remains  of  this  division  are  uniformly  of  types 
which  suggest  rather  unfavorable  conditions  of  existence.  Corals 
appear  to  be  absent  altogether,  while  the  brachiopods  which  occur 
are  of  the  small  types,  very  similar  to  those  which  we  found  to  be 
characteristic  of  the  southern  Pacific  fauna  in  early  Niagaran 
time.  It  is  indeed,  in  a  sense,  this  early  southern  faima,  modified 
somewhat  in  the  course  of  time,  which  has  returned.  Besides  the 
small  brachiopods  (WhitfieldeUas,  small  SpiriferSy  etc.)  and  some 
small  pelecypods,  small  bivalve  Crustacea  of  the  group  of  ostracods 
{Leperditia,  Klcedeniay  etc.)  are  very  abimdant,  and  often  con- 
stitute a  leading  element  of  the  fauna. 

When  we  examine  these  Monroan  limestones,  we  find  that  they 
have  certain  very  striking  characteristics.  In  composition  they 
are  often  dolomitic.  They  are  almost  always  thin-bedded,  re- 
sembling much  more  in  their  structure  deposits  of  fine  sand  or 
mud  than  they  do  limestones  of  organic  origin.  The  fossil  shells 
which  they  contain  are  practically  always  unbroken,  and  occur 
in  layers,  sometimes  forming  thin  beds,  but  more  generally  scattered 
over  the  bedding  planes  after  the  manner  of  occurrence  of  fossils 
in  beds  of  shale  or  other  mud-rocks.  Hence  the  lime  which  con- 
stitutes the  mass  of  the  rock  could  not  have  been  derived  from 
such  fossils,  but  must  be  regarded  as  a  deposit  of  lime-mud  and 
sand,  in  which  the  fossils  were  included  as  foreign  bodies.  Some 
of  the  fine  lime-muds  are  of  proper  composition  and  texture  to 
produce  natural  cements.  Coral  or  nullipore  reefs  or  great  shell 
accumulations,  from  which  by  erosion,  the  lime-sand  and  lime- 
mud  of  this  series  could  have  been  derived,  are  wholly  unknown  in 
the  lower  Monroan  series ;  therefore  the  lime  could  not  have  been 
manufactured  by  organisms  in  lower  Monroan  time.  There  is, 
however,  an  exception  to  this  in  the  presence  in  the  higher  part 
of  the  series  of  several  beds  of  oolite  which  are  either  the  product 
of  bacterial  activity  in  the  sea  (see  p.  270,  Pt.  I)  or  were  produced  by 
the  growth  of  minute  lime-separating  algae.    These  beds,  however, 


The  Silurian  of  North  America  347 

make  up  only  a  small  part  of  the  series,  and  the  great  mass  of 
lime-sand  and  mud  must  still  be  accounted  for. 

When  we  recall  that  during  Salina  time  the  Niagaran  and  older 
limestones  were  everywhere  exposed  around  the  salt-basins  to 
the  disintegrating  effects  of  a  dry  climate,  we  realize  that,  as  a 
result  of  this  disintegration,  vast  quantities  of  lime-sand  and 
lime-mud  must  have  been  produced  from  which  the  salt  had  been 
leached,  and  carried  to  the  central  basins.  It  is  therefore  an  obvious 
inference  that  these  residual  lime-sands  and  muds  were  encountered 
by  the  transgressing  Monroan  sea,  the  waves  and  currents  of  which 
spread  it  out  more  or  less  uniformly  over  the  surface  in  regularly 
stratified  layers.  This,  indeed,  appears  to  be  the  only  tenable 
explanation  of  the  origin  of  these  deposits. 

In  the  Appalachian  trough,  muds  derived  from  Appalachia 
were  deposited  and  here  the  lower  Monroan  beds  are  often  shales. 
During  Salina  time,  it  will  be  remembered,  thoroughly  oxidized 
sands  and  muds  were  deposited  in  the  northern  part  of  the  trough, 
these  being  to-day  red  beds.  Whenever  the  encroaching  lower 
Monroan  sea  encountered  such  oxidized  material,  which  had  not 
yet  become  consolidated,  part  of  it  was  reworked  and  incorporated 
in  the  sediments  of  that  sea.  Such  oxidized  sands  and  muds,  when 
washed  into  the  sea,  remain  in  the  state  of  oxidation  unless  there 
is  an  abimdance  of  decaying  organic  matter  on  the  sea-bottom 
which  can  act  as  a  reducing  agent,  a  condition  which  did  not  exist 
in  Monroan  time.  Long  after  deep  burial  under  other  strata,  such 
oxidized  beds  will  turn  red  because  the  iron  loses  its  water,  and  so 
we  can  readily  understand  the  presence  of  red  beds  in  certain  parts 
of  the  lower  Monroan  series  of  the  Appalachian  region.  These  are 
found  in  Maryland  (Fig.  500,  p.  591,  Pt.  I)  and  in  New  York  (upper 
High  Falls  shales^  Fig.  501,  p.  591,  Pt.  I).  From  their  similarity  to 
the  red  beds  of  the  Salina  series  (Longwood),  these  secondarily  re- 
worked red  beds  of  the  lower  Monroan  have  sometimes  been 
erroneously  identified  as  of  Salina  age. 

At  the  end  of  lower  Monroan  time  the  sea  retreated  from  a 
considerable  part  of  the  country  but  probably  lingered  in  the 
southern  part  of  the  Appalachian  Irough.  Over  part  of  the  ex- 
posed area  the  Sylvania  dune  sands  were  formed,  while  in  portions 
of  the  Appalachian  trough  river-borne  sands  accumulated  and 
these  in  some  cases  contain  the  remains  of  fishes,  which  at  that 
time  were  apparently  still  confined  to  the  rivers  of  the  earth. 
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Upper  Monroan  time  opened  with  the  readvance  of  the  sea, 
but  this  readvance  was  not  only  from  the  south,  but  also  from  the 
Atlantic  in  the  northern  end  of  the  Appalachian  trough  and  from 
the  Arctic  region  over  the  interior  of  North  America  (Fig.  1193). 
The  advancing  waters  from  the  south  brought  with  them  essentially 
the  same  organisms  which  characterized  the  lower  Monroan  de- 
posits, while  the  advancing  sea  from  the  Arctic  regions  brought 
with  it  a  new  faima,  developed  from  the  Niagaran  fauna  during 
the  long  interval  between  Niagaran  and  upper  Monroan  time. 
Corals  were  still  common  in  this  sea,  and  coral  reefs  once  more 
began  to  form  wherever  these  northern  waters  spread.'  Such 
coral  and  StranuUopora  reefs  are  known  from  Michigan,  Penn- 
sylvania (Lewiston  limestone,  Fig.  1185),  and  to  some  extent  from 
Maryland  and  Virginia.  The  Cobleskill  limestone  of  New  York 
marks  an  extension  of  the  reef  faima,  though  it  seldom  represents 
reef  conditions.  It  will  be  observed  that  these  waters  spread  more 
widely  than  did  those  of  the  lower  Monroan.  In  western  and 
central  New  York  the  upp)er  Monroan  beds  (Bertie  waterlime 
series,  Cobleskill)  rest  upon  the  Salina  by  overlap  (Fig.  1146); 
at  Schoharie  the  Cobleskill  rests  upon  an  old  residual  clay  (Bray- 
man,  Fig.  537  p.  616,  Pt.  I),  probably  formed  by  decay  of  Ordovi- 
cian  rocks.  At  Kingston  the  Cobleskill  rests  on  folded  and  eroded 
Ordovician  sandstones  (Fig.  1172). 

The  Cobleskill  fossils  include  many  corals  of  the  t3^s  which 
characterized  the  upper  Monroan  of  Michigan,  the  fauna  of  which 
came  from  the  north.  Hence  we  conclude  that  during  the  dep- 
osition of  the  Cobleskill  limestone,  the  northern  waters  with  their 
coral  faimas  spread  eastward  over  New  York  and  central  Penn- 
sylvania. But  the  Cobleskill  is  followed  in  New  York  and  else- 
where, after  an  interval  of  waterlime  deposition,  by  the  Manlius 
limestone,  and  this  has  almost  the  same  fauna  as  the  lower  Mon- 
roan beds  of  Michigan  and  of  the  Appalachian  trough.  Hence 
we  must  conclude  that  towards  the  close  of  Monroan  time  the 
southern  waters  again  spread  more  widely  in  the  Appalachian 
trough,  bringing  with  them  the  p)ersistent  southern  fauna  of  small 
brachiopods,  Leperditias,  pelecypods  (Fig.  1194)  and  Tentaculites. 
At  the  same  time  the  northern  fauna  held  sway  in  the  interior 
and  here  the  highest  Silurian  beds  contain  very  different  fossils, 
but  these  fossils  are  remarkably  similar  to  those  found  in  the 
Upp)er  Silurian  rocks  of  northern  Europe,  showing  intercommuni- 
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Fio.  1193.  —  Palxogeograpbic  map  of  North  America  in  late  Neo-SiluriMi 
(upper  Monrosn)  time,  showing  the  distribution  of  land  and  tea  (black).  At 
that  time  there  were  three  main  oceanic  invasions,  the  northern  or  Siberian, 
the  southern  01  South  Pacilic.  and  the  eastern  or  Atlantic,  with  a  fourth, 
from  the  North  Pacific,  of  which  little  is  known.    (Origioal.) 

cation  apparently  across  the  Arctic  between  Eur(^  and  America. 

Finally,  the  Upper  Silurian  rocks  of  the  northern  end  of  the 

Appalachian  trough  (Nova  Scotia,  etc.)  carry  essentially  the 
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fauna  found  in  the  Upp)er  Silurian  rocks  of  England;  that  is,  the 
fauna  which  at  that  time  lived  in  the  Atlantic.  Thus  the  Upp)er 
Silurian  of  central  and  eastern  North  America  is  characterized 
by  three  district  faunas  which  existed  side  by  side  but  ill  different 
geographic  areas.  The  Atlantic  fauna  occupied  the  northern 
end  of  the  Appalachian  geos)aicline;  the  southern  or  Pacific 
fauna  occupied  the  southern  area  and  extended  up  the  Appala- 


a 


Fig.  1 194.  —  Monroan  pdecypods  (southern  types),  a-b^  Goniophara  dubia : 
a,  right  valve  and  top  view ;  b,  right  valve  enlarged ;  c,  Pterinea  lanii.  Left 
valve. 

chian  trough  into  eastern  New  York  and  northward,  until  it 
mingled  with  the  Atlantic  fauna,  and  westward  until  it  met  the 
northern  fauna  which  existed  in  its  purity  in  Michigan  and  farther 
north,  and  which  at  one  time  spread  eastward  to  New  York  and 
New  Jersey,  as  is  shown  by  the  distribution  of  the  Cobleskill  lime- 
stone. In  addition  to  these  three  marine  faunas  there  was  the 
faima  of  the  Bertie  and  other  waterlimes  which  consists  almost 
entirely  of  eurjrpterids  and  which  is  thought  to  represent  the 
fauna  of  the  rivers  of  that  period. 

Europe  and  Asia 

We  know  that  coral  reefs  grew  in  early  Silurian  (Niagaran)  time 
in  the  Siberian  basin,  and  the  similarity  of  these  corals  to  those  of 
central  North  America  shows  connection  of  the  waters  across  the 
present  Arctic  region.  From  the  Siberian  basin  an  arm  extended 
westward,  joining  the  Baltic  trough  or  geosyncline.  In  this  trough 
coral  reefs  also  grew,  the  best  examples  preserved  to  us  being 
found  on  the  Island  of  Gotland,  off  the  coast  of  Sweden  (Fig.  1195). 
These  corals  are  mainly  of  the  same  types  as  those  found  in  central 
North  America.  Farther  west  in  the  Baltic  trough,  great  deposits 
of  clastic  material,  chiefly  muds,  were  accumulating,  brought  there 
by  rivers  from  Atlantica,  the  continent  on  the  northwest.  In 
these  muds,  which  were  largely  deposited  in  very  shallow  water 
as  parts  of  deltas  at  the  mouths  of  rivers  (Fig.  1196),  many  grapto- 
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n  coral  reef  on  the  island  of  Storo  Karkfi  near  Gotland, 
Sweden.     (Photo  by  Mbs  Mary  Johnson.) 


FiQ.  1 10.  —  Map  of  a  fos^  delta  of  early  Silurian  time  in  southern  Scotland. 
The  map  was  constructed  by  plotting  the  points  at  which  six  successive  grapto- 
Ute-bearing  shale  beds  intersected  unfos^ferous,  continental  sands  washed 
into  the  sea  by  rivers.  I,  represents  the  locus  of  the  final  occurrences  o(  the 
graptolites  of  the  lowest  sone,  II,  that  of  the  final  occurrences  of  the  graptolites 
of  the  next  higher  zone,  and  so  on.  It  will  be  seen  that  the  continental,  rivcr- 
bonie  sands  were  spread  out  southward  and  that  the  sea  retreated  from  shore- 
line I  to  shore-line  VI  as  indicated  by  the  southward  off-lapping  of  the  suc- 
Cesuve  marine  shale  zones.  On  account  of  the  profound  folding  to  which  the 
Silurian  rocks  of  Scotland  have  been  subjected,  the  m^  has  been  enlarged 
twice  at  right  angles  to  the  strike,  which  is  northeast-southwest,  in  order  to 
give  a(^Toiiinately  the  conditions  before  folding;  therefore  it  reads  true  for 
present  g^pgraphical  positions  onl^^along  the  strike.  (Constructed  and  drawn 
by  M.  O'ConneU.) 
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lites  wete  included,  espedally  of  the  Monograptus  types  (Fig.  1304). 
Such  deposits  are  now  found  in  Wales,  northern  England,  and  south- 
em  Sojtland.  Farther  out  in  the  more  open  waters  of  the  trough 
more  calcareous  muds  and  even  limestones  (Wenlock  limestones) 
were  fonned,  and  these  cont^n  many  brachiopods,  besides  many 
of  the  corals  of  the  lower  Gotlandian  beds.  The  English  Silurian 
deposits,  the  type  of  the  Silurian,  contain  chiefly  the  fauna  from  the 


Fio.  II97.  —  Section  in  the  Grindstone  quarry  near  Gansvicken,  Islaod  of 
Gotlanil,  lowing  the  Gaifsvick  sandstone  (lued  for  making  grindstones)  at  the 
base,  sharply  and  disconfonnably  overlain  by  clay  (C)  and  Oolite  (O)  of  Upper 
Silurian  age.  The  sandstone  partly  occupies  the  hiatus  between  the  Lower 
and  Upper  Silurian  (Gotlandian).    (Photo  by  Holm  from  Munthe.) 

Atlantic  on  the  west  mingled,  however,  with  some  of  the  organisms 
from  the  Siberian  region  on  the  east,  while  the  Gotland  deposits 
contain  chiefly  the  Siberian  fauna,  which  is  also  the  North  American 
fauna.  Between  the  two  in  southern  Norway  there  is  a  remarkable 
mingling  of  the  faunas  which  often  alternate  in  successive  beds. 

The  Lower  Silurian  (Niagaran  or  Lower  Gotlandian)  series  of 
Europe  does  not  everywhere  begin  with  the  same  formations. 
Moreover,  it  almost  always  rests  upon  an  erosion  surface  either 
on  Ordovidan  beds  or  on  older  strata,  even  on  the  crystallines. 
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This  indicates  an  initial  transgression  of  the  Silurian  sea  with 
overlap  of  the  several  members,  until  much  more  of  Europe  was 
covered  than  was  the  case  in  Oirdovidan  time.  There,  too,  as  in 
America,  the  wide  spreading  of  the  sea  is  followed  by  its  retreat, 
and  practically  all  the  region  once  covered  by  the  sea  again  emerged 
and  became  subject  to  erosion.  This  was  in  Middle  Silurian  or 
Salinan  time.  In  a  few  localities  (south  Gotland,  etc.)  sands 
accmnulated  during  this  period  of  emergence  (Fig.  1197),  but  on 
the  whole  the  country  was  chaiacterized  by  erosion  rather  than 
deposition,  and  the  product  of  erosion  was  largely  carried  away 
instead  of  acciunutating  in  situ  as  was  the  case  to  a  considerable 
extent  in  North  America.     From  this  we  conclude  that  the  climate 


Fio.  1198  a.  —  Section  exposed  at  Hoburgen,  south  coast  of  Gotland,  show- 
ing the  bual  oolite  beds  of  the  Upper  Silurian  (Upper  Gotkndian)  overlapping 
upon  the  Gansvick  sandstone  (IMiddle  Silurian)  which  shows  eolian  cross- 
bedding.    (See  Fig.  iig?.)    (From  the  author's  field  notebook.) 

of  Europe  at  this  time  was  relatively  mobt,  and  that  partly  ex- 
plains why  no  salt  deposits  were  formed  in  the  Silurian  of  that 
continent.  What  the  conditions  were  at  that  time  in  Siberia  is 
still  unknown. 

With  the  return  of  the  sea  in  Upper  Silurian  time,  renewed 
depo»Uon  of  limestones  in  the  interior  of  the  basins  and  of  clastic 
material  along  their  margins  took  place.  Because  of  the  ero«on 
interval,  we  find  nearly  everywhere  the  Upper  Silurian  strata 
resting  disconformably  upon  the  Lower  (Fig.  1198).  By  this  time 
the  faunas  had  become  modified,  but  there  was  still  a  Siberian 
fauna  which  characterized  the  Upper  Silurian  deposits  of  Gotland 
as  well,  where  reefs  were  again  built  by  the  coral  polyps  (Fig.  1199). 
"Diis  Siberian  fauna  is  also  represented  in  the  Upper  Monroan  of 
interior  North  America.  There  was,  further,  the  Atlantic  fauna 
which  is  typically  represented  in  the  upper  Ludlow  rocks  of  Eng- 
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most  modified  during  the  interval,  tliose  of  the  AtlanUc  to  a  less 
degree,  and  those  (A  the  Pacific  least  of  all.  Finally,  towards  the 
dose  of  the  Silurian,  continental  sediments  again  ^read  in  northern 
Europe,  while  in  North  America  widespread  emergence  took  place. 
Volcanic  manifestations  seem  on  the  whole  not  to  have  been 
very  pronounced  during  the  Silurian  although  the  volcanic  rocks 
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Fic.  ISO*. —  Reconstruction  of  the  Ordovkun  and  53urian  volcanoes  «rf 
Menes-Hom,  Flnistire.  (After  C.  Barrois.)  i>,  Armoric&n  sandstone;  <■, 
Vppti  Ordovici&n;  s*,  GoUandian  (Sflurian);  i,  Devonian.    (Haug.) 

of  New  Brunswick,  Nova  Scotia,  and  Maine  appear  to  belong  to  this 
period.  In  parts  of  France  (Finistire),  the  volcanic  phenomena 
of  the  Ordovician  continued  into  the  Silurian  (Fig.  1201).  In 
Bohemia,  too,  diabase  beds  are  intruded  with  the  Lower  Silurian 
(Niaganm)  beds. 

Disturbances  at  the  End  of  the  Sn-tnuAN 
North  America  did  not  suffer  any  violent  disturbances,  so  far  as 
is  known,  at  the  end  of  Silurian  time,  although  renewed  elevation 
of  many  of  the  low  domes  and  depression  of  the  basins  took  place, 
together  with  the  formation  between  adjoining  basins  or  domes  of 
more  strongly  pronounced  anticlines  and  synclines.  The  domes 
and  anticlines  suffered  erosion  during  the  succeeding  period,  so 
that  the  later  Devonian  beds  cpme  to  rest  upon  different  older 
formations  in  different  sections.  In  western  Europe,  however, 
an  extensive  period  of  folding  closed  the  Silurian,  forming  the 
ancient  Caledonian  range  of  mountains  which  extended  through 
Scotland  and  Ireland,  where  the  Devonian  strata  rest  uncon* 
formably  upon  the  Silurian  and  older  beds,  while  in  Scandinavia 
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great  overthrusts  took  place,  accompanied  by  igneous  activities. 
Similar  folding  occurred  in  France,  but  in  central  Europe  no  dis- 
turbances are  known.  The  Caledonian  range  is  thought  to  have 
been  much  more  lofty  than  the  Alps  before  it  suffered  nearly  com- 
plete truncation  by  erosion.  In  Asia  the  margins  of  the  old  Irkutsk 
basin  of  Siberia  were  folded  into  a  semidrcular  mountain  chain, 
while  a  new  geosyncline  came  into  existence  in  what  was  formerly 
a  part  of  the  oldland,  and  in  this  the  succeeding  marine  strata 
were  deposited  (Fig.  1005,  p.  ai6).  The  north  Sibeiian  basin 
itself  had  apparently  become  fully  emerged  and  was  not  sub- 
merged again  until  Mesozoic  time.  Continental  deposits  of  tate 
Paleozoic  age  were,  however,  formed  in  it. 

General  Charactebs  of  the  Silubian  Faunas 

There  are  certain  respects  in  which  the  Silurian  fauna  diffen  quite  markedly 
from  that  of  the  Ordovician  period.  Several  remarkable  sponges  occur,  such 
M  the  coocavo-oaivex  Atlraesfongia  (Fig.  iioi),  and  the  nearly  spherical 


Fia,  1901.  — Astraospontia  menitciu,  with  enlargement  of  *picule.  <I.  F.) 

Aflyhtpontia  (Fig.  1103).  The  gn^tolltea  are  chieBy  of  the  uniserial  type 
with  the  cups  or  theoe  arranged  on  one  side  of  the  supporting  axis  or  virgula 
{lionopaptia.  Fig,  1104;  Cyrtopaptut,  Fig.  1205;  RaslrUes,  Fig.  840  c, 
etc.).  The  biserial  graptolites  have  become  highly  modified  (RetiolUes, 
Fig.  115s).     Conls  are  abundant,  in  the  limestone,  FavosiUt  (Fig.  1161)  mak- 
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Fic.     i»04.  — 

priod0n,*.Lmm  S3urjan(Wenlock  — Lower  Ludlow)  European  gnptoUte.  (K.) 
See  also  Fig.  1154.  p.  318,  for  the  related  American  form. 


Fio.      U05.  —  Cyrlop-aplus      murdrisoni ;  FlG.  i»6. — Syringopora 

a  cbaracteristic  Lower   Silurian  (Niagarao)       vrtUiUtOa,     a     characteristic 
graptolite,  Europe,  etc.  Silurian  (Niagaran)  tube-coraL 


Fio.  i»7.  —  Helioliks  intersUmim,  with  part  of  surface  enlarged     A  cbu- 
acteristic  Niagaran  coral  of  the  mtenor     (I  F ) 
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Fig.  j3O&.  —  0mphyma  stMurbimi-  Fio,  laog.  —  Gmiopk^um  pyra- 
lum,  a  European  Lower  Siluriaa  tiudaU,  a  European  Lower  Siluriao 
(Wenlock)  coral.    (K.)  (Wenlock)  cocal.    (K.) 


Fig.  i2ro,  —  Characteristic  SDurian  stromatoporoids.  a-c,  Claihrodiclyon 
sencWoiuBi.*  (a)  under  or  cpithecat  side;  b,  section  of  the  same  enlarged 
about  so  times;  c,  section  enlarged  about  lo  times,  Clinton- Niagarani 
d-t,  StroMOtopora  aiUiqua,  Niagaran:  d,  section;  t,  part  of  section  enlarged 
i)  diameten.    (I.  F.) 
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ing  practically  its  first  appearance  with  many  species,  while  the  chain  coral, 
Halysiles  (Fig.  1161),  is  most  characteristic,  as  is  also  the  tube  coral,  Syringa- 
pora  (Fig.  1106).  Many  remarkable  single  corals  are  also  known,  espedally 
from  Europe,  including  the  curious  Ompkyma  (Fig.  1108)  with  its  root-like 
excrescences,  and  the  lemai^able  quadrangular  Goniopkyllum  with  four- 
parted  operculum  (Fig.  nog).    Stromatoporaa  are  also  abundant  and  of 


Fig.  tin. — HyaUidina  eongata.    Characteristic  of  the  Atlantic  or  Clinton 
type  of  Silurian  fauna.    (After  Hall  and  Clarke.) 

characteristic  types  {Clathrodictyon,  etc.,  Rg.  1310)  quite  unlike  any  of  the 
hydrocorallines  found  in  the  Ordovidan.  The  Bryoioa  are  still  abundant,  but 
mostly  derivatives  from  Ordovician  types.  The  bnch]op»d  fauna,  on  the 
whole,  is  very  characteristic.  The  thin  Rafinesquinas  are  r^laced  by  Schu- 
eherleUa  (Fig.  iiToe)  and  SlropheodtmUt  (Fig.  117S),  the  latter  with  notched 
hinge  line.     The  Orthia  group  is  largely  confined  to  the  gfaoTt-liinged  types 

Fio.  iiii  o.  —  RJiipidomeUa  hybrida,  Niagaran  Fio.    1213  6.  —  WMt- 

(Rochester  shale,  etc.),  dorsal  and  lateral  views  fieldeUa  nitida,  Lower 
and  interior  of  pedicle  valve.  Silurian  (Niagaran).  (R.) 

of  more  or  less  circular  section  (Dalmandia  eUgantala,  Fig.  iijq;  Rkipido- 
melia.  Fig.  1311  a).  The  smooth-shelled  biconvex  WkitfiddeUai  abound  (Fig. 
1311  b)  and  Spirifers  appear  with  startling  abniptneu,  being  practically 
unknown  in  the  older  rocks.  Most  of  them  are  still  small  forms  (Fig.  1170  a, 
1177)  but  a  few  large  ones  occur  {S.  iiiagarensis.  Fig.  1158;  S.  radialus. 
Fig.  1113  i).  Pentameroid  shells,  readily  recognized  by  the  internal  struc- 
ture,  are   also    prominent,   including    both   smooth-shelled    biconvex   types 
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(Ptnlamenu,  Fig.  1153,  p.  318)  and  plicated  types  with  strongly  arched  pedicle 
valv«  (CtmcUdiuM,  Fig.  1213  c).     The  plicated  rhynchanelloids  aic  represented 


Fic.  iiijo-f.  Cbarocteristic  Niaganm  brachiopods  of  North  America; 
(a),  Merislina  maria;  (6),  Spirifer  radiatas ;  (e),  PetiUtmerus  (Canekidium) 
neltelrotki;  {d)  Struklandinia  casleilana;  (t),  Uncinulus  sirkktandi;  (f),Atia- 
stropkia  tniematcens;  (g),  Boniaospira  eroi.     (I.  F.) 


by  Comarolachia  (Fig.  1114),  RhytKholrelo  C^ig.  ti6o  a),  and  othen.     Finally, 
tlteie  aie  peculiar  spedaiized  brachiopods  which  developed  a  remarkable 


^ 
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intenul  platform  {Trinuretla,  Fig.  1915,  etc.),  ukd  which  ftppeu  to  repnaoit 
the  products  of  peculiar  couditiou  of  enviiMuuent. 


Fig.   1116.  —  Megahmus  eana- 

lUntit,  %  characteristic  pelecypod  of  Fio.   1117.  —  Cardiola  coriiiieopim, 

the    Guelph    formation.      (Internal  a  Eurcfiean  Uppter  Silurian  (Ludlow) 

mold,  Xi.)     (IF.)  pelecypod.     (Kayser.) 


Fio.  T118.  —  Characteristic  Silurian  (Niagaran)  gastropods  of  North  America. 

a-d,  Pycnamphalta  solarundts,  Guelph;  o, b. internal  mold;  1;, section  of  sheU; 
d,  under  (umbilical)  view  of  shell;  t,  Slrepkoslylus  cydoslomus;  f,  Euompha- 
hplerus  vaitriiu,  Guelph,  umbilical  view;  g,  E,  flora,  top  view  (Guelph);  k, 
Acanlhonema  tKvibenyi  (enlarged),  upper  Monroan.     (I.  F.) 


Silurian  Faunas  363 

The  pelecypods  are  less  distinctive,  though  a  large  form,  Mtgalomus 
CFig.  1116),  is  veiy  characteristic  of  some  beds,  while  Cariiola  [Fig.  1117}  is 
Epical  o(  the  European  Siliirian.  Gastropods  are  represented  by  many  types 
both  low  and  high  spired,  and  they  are  often  strongly  ornamented,  espedal^ 


Ro.  H19.  —  Characteristic  Niagaran  (Guelph)  gastropods,  o-i,  Caiidimn 
macTospira,  shell  and  section;  c,  Poltumila  crmuSala;  d,  P.  scamnala; 
e-g,  Tremalonolus  alpkaus,  about  )  natural  size.     (Clarke  and  Ruedemaon.) 

in  the  Upper  Silurian  (Figs,  i 

p.  31S)  are  the  chief  represi 

teristic  cephalopods  are  the  ringed  orthoceran  types  (Dau 

and  the  curved  tyrtoceran  forms,  often  with  contracted  aperture  (Phragmoteras, 

Fig.iiajd;  Gemphccira),  Fig.  i7ii  b,  t,  etc.)-    Finally  there  are  many  forms 


Fig.  I  jio.  —  HercyneUa,  a  pulmonate  gastropod  from  the  Upper  Silurian  and 
Lower  Devonian  (H.  bohemica,  £tage  F.  Bohemia).     (Zittel.) 

with  spiral  coils  resembling  large  gastropod  shells  {Trxkourai,  etc..  Figs. 
I3ai  d,  e,  iii3ii),not  known  from  older  horizons.  Trilobites  are  still  abundant, 
the  leading  forms  bang  Daimaniltt  (Fig.  1314),  Calymmene  (Fig.  i2is),Itl<znia, 
etc.  (Fig.  1126  a,  b),  BrorUeus  (Fig.  1117),  Lichas  (Fig.  iiiS),  and  others. 
Other  crustaceans,  especially  ostntcoda,  abound  (Fig  iiig).  Eurjrpterids 
are  at  their  height  of  devdoproent  in  Silurian  strata  and  many  genera  occur 
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Fio.  1331.  —  Silurian  cepbalopods.  a,  Ortkoceras  {Pfotokioitoceras)  nudul- 
lare,  Niaganu;  h,  O.  {Dmnsonocero!)  anHutaiam,  Niag&ran;  e,  O.  {Kumoceras) 
antidatum,  Niagajan)  d-e.Trockoceroi  {MUnctras)  ^Aor^, Mooroan  (Coble- 
skUl).    {AU  reduced.)    {I.  F.) 
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Fio.  itM.—Cyrioceras  {M^onoctras)  arctieamtratum.    A  duuacteristic  cyt- 
toceran  shdl  of  the  Lower  ^uiiui  (Gudph).    (Clarke  and  Ruedematui.) 


Fig.  1313.  —  Chaincteristk:  SQurian  O'Rsganui)  cephiJopods  of  North 
America,  a,  Trochoceras  (Spkyradocrras)  daplainense,  about  one  half  natural 
»ize;  b,  Gcmphoceras  {Htxameroctras)  herieri  (x  i),  top  showing  contracted 
.aperture  and  side  views  with  several  chambers;  c,  Comphoceriu  {Seplamero- 
ixras)  seftoris,  side  and  top  view  of  livingchamber,  showing  contracted  aperture; 
d,  Fhragmoceras  neslor,  top  view  showing  contracted  aperture,  and  Bide  view 
■howinf  curvature  and  several  chambert.    (I.  F.) 
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Fio.     1114.  —  Dalmaniles  caudata. 
Lower  Silurian.  (Weulock.)    Europe.      Fio.    1115. — Calymmene  ittagareme. 
(Kayxr.)  Top  and  side  views.    (Niagaian.) 


Fio,  1116  a.  —  lUania  iaxus.   Cephalon  and  pygidium  (Niagaran).    (I.  F.) 


FiO,  11366. — SphareoKhus  romingeri.    Cephalon,  top  and  side  views,  ai 
pygidium  (Niagarao).     (I.  F.) 
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there.  These  aod  certain  crustacean  forms  are  regarded  as  inhabitants  of  the 
rivers  of  the  period  (Fig.  1130).  The  oldest  scorpions  are  known  from 
the  Upper  Silurian  deposits  (Fig.  1331),  and  it  is  possible  that  scorpions 
devdoped  from  eiuypteiid-likc  ancestors  (river  types)  during  the  period  of 


BroHieus  ptoHus.  Lower  Silurian.  (Wenlock.)  Europe.  (Kayser.) 


Fig.  i3i8.  —  Lkhas  bdlcnt.  Niagaran  (Rochester  shale) ;  much  reduced.  (I.  F.) 


Fio.  I2»9.  —  Characteristic  Silurian  ostracods.  a,  Leperditia  angulifera, 
right,  left,  and  anterior  views  (Lower  Monroan) ;  b,  Mckmina  abnormis,  right 
valve  (Xio)  (Niagaran);  c,  Btyrichia  granuiesa  (X7)  (Niagaran);  d.Entomu 
iBoUrimmsU,  lateral  and  dorsal  views  of  left  valve  (X 1)  (Waldron  shales  of  the 
Niaganw).    (LF.) 


It 


Characteristic  river  and  estuarine  Menistomes  (a-e)  and 
B  CTustacean  {/)  of  the  North  Ameri- 
can Silurian,  a,  Pstudoniscus  roost- 
vtlti,A  synxiphosuFBii  (Xa),  Pittsford 
shaie  and  Bertie  waterlime ;  b,  Euryp- 
Urus  pitlsjardense,  anterior  portion 
(X^),  Pittsford  shale)  c,  Hughmilkria 
sociatis  (Xi),  Pittsford  shale;  d, 
BuikmilUria  shawangunk  (young), 
black  shales  in  Shawangunk  conglom- 
erate; e,  Euryflcrus  marh  (young, 
much  cnlaiged).  black  shale  layers  in 
Shanangunk  conglomerate;  /,  Em- 
iwkate  decora,  a  phyllocarid  (Xl), 
Pittsford  shale.  (See  also  Figs.  934 
and  1 169.) 


Fig.  1331.  —  PalaopkoHtis  caUdoniciu  (Xi),  a  fosul  acorpion.    Upper  Silurian 
(upper  Ludlow),  Lanarkshire,  Scotland.    (From  a  drawing  by  Dr.  Peach.) 
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Fig.  1133. —Silurian  cystoids  (Nlagaren  and  Monroan).  a,  CoUocysHtts 
canadensis,  Rochester  shaiei  b,  c,  Jakehcystis  hartkyi,  with  enlargemeots  of 
oral  end,  Manliiu ;  d,  e,  Pstudocrinita  gordoni,  Manlius. 


Fio,  IJ33, — North  American  Silunan  (Niagaran)  cysloids  (a-6),  blastirids 
(c-4),iadciinaids(c-l).  a.nahcyslita  alUrnalus;  b,  ComphocystiUi  glans,  'm- 
temal  mold ;  c,  d,  Troosiocrintts  rtimnardli  ( X  i-^) ,  with  ambulacrum  much 
enlarged;  e.  f,  Periechocrinus  (Sa^cocrinui)  omatui;  g,  P.  lennesseensis;  h,  i, 
Siphonocrinui  tMbilii,  internal  mold  and  exterior;  j,  EucalypiocriHtis  crassus, 
about  half  natural  size ;  k,  I,  Eucalypuxrinus  tlrodi,  lateral  and  basal  views. 
369 
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mid-Siluiiaa  widespread  land  conditions  which  placed  a  premium  upon  ability 
to  breathe  air.  Insects  probably  existed  but  are  little  known.  Cjstoids  still 
abound  {Caryocrinus,  Fi^.  1157;  Calhcyiliks,  Fig.  1131),  and  crinoidt  have 


Fio.  i»34.  —  A  crinoid  (Crolalocrinui  ptdcher)  from  the  Silurian  ot  Gotland. 
,4,  ciown  with  folded  arms;  S,  portion  of  stem.     (Aftei  Angelio.) 

become  more  abundant  {Ichlkyocritiia,  Eucalyplocrinus,  etc.,  Fig.  i»33), 
BUstolds,  too,  are  present  {TrooslocriHui,  Fig.  1 133  c,  d).  Other  echinodenns 
are  rare.     Viah  (ostiacoderma)  abounded  in  the  rivers,  and  are  found  especially 


in  Upper  Silurian  deposits.  They  are  closely  related  to  Devonian  types. 
Higher  vertebrates  and  land  plants  are  still  unknown,  though  the  latter  prob- 
ably existed.  Marine  pUnts,  however,  existed,  especially  the  time-secreting 
algs,  Spharacodium  fFigs.  1335. 1136).  Ginandia,  etc.  They  abound  in  therodu 
of  Gotland  and  other  parts  of  Sweden  (Fig.  IJ37). 
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Fig.  i«J7.  —  The  late  Professor  A.  Rothpletz  of  Munich  mminiiig  for 
GinaiteUa  a  fossiliferous  slab  in  a  quany  in  Silurian  limestones  in  Gotland, 
Sweden.  He  is  standing  on  the  top  bed  of  the  Lower  Silurian  (Lower  Got- 
landian).    See  Fig.  119S6.    (Photo  by  the  author,  1910,} 


CHAPTER  XXXV 

THE  DEVONIAN  OR  DEVONIC  SYSTEM 

Befobe  the  discovery  of  the  marine  formations  on  which  this 
system  was  foimded,  the  strata  which  in  England  were  found  to 
separate  the  Coal-measures  and 
Carboniferous  Limestone  series  from 
the  old  graywackes  were  familiarly 
known  as  the  Old  Red  Sandstone, 
the  lower  of  the  two  great  red  sand- 
stone series  which  had  been  widely 
traced  in  the  British  Isles.  The 
Old  Red  Sandstone  is  most  typically 
developed  in  Scotland,  where  the 
labors  of  Hugh  Miller  have  made 
them  widely  known.  Miller  (por- 
trait, Fig.  1238)  was  a  self-educated 
geologist,  and  master  of  a  good 
Uterary  style,  albeit  a  stone-mason 
by  profession.  Bom  in  1802  in  a 
small  straw-thatched  cott^e  (Fig.  1239)  in  the  fishing-town  of 
Cromarty,  on  the  northeast  coast  of  Scotland,  his  early  life  was 
spent  among  humble 
surroundings  but  within 
easy  reach  of  the  won- 
derful sections  of  that 
picturesque  portion  of 
the  Scottish  coast.  As 
boy  and  man,  appren- 
tice, journeyman,  and 
master-mason,  he 
searched  out  the  fossil 
treasures  of  the  Old  Red 
Sandstone  and  the  other 
formationstff  his  native 
land,  and  in  his  mature 


Fig.  lajS.  —  Hcch  Miller. 
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years  made  thero  and  the  characters  of  the  rocks  themselves 
known  to  the  scientific  world  by  his  facile  pen.'  The  Old  Red 
Sandstone  is  a  purely  continental  formation,  formerly  thought  to 
have  been  deposited  in  great  fresh-water  lakes,  but  now  recognized 
to  be  of  flood-plain  and  playa  origm,  the  result  of  torrential,  and 
in  part  perhaps  of  eolian,  deposition.  It  was  not  regarded  as  rep- 
resenting a  distinct  system  in  the  geological  succession.  When, 
however,  it  was  found  that  the  rocks  beneath  the  Carboniferous 
beds  of  Devon  and  Cornwall,  which  Sedgwick  and  Murchison  at 
first  referred  to  the  Cambro-Silurian,  contained  distinctive  fossils 
which  placed  these  rocks  between  the  Silurian  and  the  Carbonif- 


Fio.  1 340.  —  Coast  scene  at  Torquay,  South  Devonshire,  EDglaad,  showing 
difis  of  Devonian  rocks  in  the  type  region. 

erous  Limestone  series,  it  became  apparent  that  a  new  system  had 
been  discovered,  and  that  it  h^  the  same  position  in  the  geolog- 
ical succession  as  that  occupie<^y  the  Old  Red  Sandstone  farther 
north.  To  this  new  system  the  name  Devonian  was  applied  by 
Sedgwick  and  Murchison  in  1837,  the  exposures  in  Devonshire 
becoming  the  type  section  (Figs.  1240,  1241).  As  is  the  case  with 
most  of  the  older  rocks  of  England,  the  Devonian  strata  of  Devon- 
shire are  much  disturbed,  and  the  series  is  incomplete;  and 
because  of  the  disturbance  and  the  partial  metamorphism  of  the 
strata,  the  fossils  are  often  poorly  preserved.    A  far  better  section 
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of  the  Devonian  rocks  is  found  in  western  Germany  and  the  adjoin- 
ing districts  of  Belgium.  Tbe  rocks  into  which  the  Rhine  has  cut 
its  beautiful  gorge  (Fig.  6oi,  p.  703,  Pt.  I)  belong  to  this  system. 


Fio.  1J41.  —  Upper  Devonian  strata  b  the  type  r^on,  in  southwcstetn 
England.  (Padatow,  Cornwall.)  These  strata  are  alternating  limestones  and 
shales.    (Geol.  Survey,  England,  from  Lake  and  Rastall.) 

but  less  disturbed  and  more  fossiUferous  Devonian  rocks,  chiefly 
limestones,  which  commonly  exhibit  coral-reef  structure,  are  found 
in  the  famous  Eife)  district  (Fig.  1242).    This  and  the  Bohemian 


Fio.  1141.  —  Devonian  coral  reefs  and  limestones  now  forming  high  diS 
above  Gerolstein  in  the  Eifel,  Germany, 
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region  (Fig.  1343),  form  the  two  best-known  and,  in  many  respects, 
most  characteristic  districts  in  which  the  Devonian  rocks  tA 
Europe  are  preserved, 

Devonian  rocks  are  widespread  over  Russia,  extending  to  the 
Arctic  regions.  They  present  both  the  Old  Red  Sandstone  and 
the  marine  type.  They  are  found  in  the  Ural  Mountains  and  are 
widespread  in  central  Asia.    They  also  occur  in  South  America. 

Once  more,  however,  North  America  furnishes  the  most  complete 
record  of  the  Devonian  formations,  because  here  the  rocks  are  not 


Fig.  1343.  —  Odlecting  Lower  Devonian  toisHs  in  a  limestone  quarry  at 
Konjepniss,  Bohemia;  Mareck,  the  field  assistant  of  Joachim  Buruide. 
(Photo  by  author.) 

only  preserved  over  wide  areas,  but  are,  for  the  most  part,  little 
disturbed.  Again  the  state  of  New  York  has  given  us  the  type 
sections  for  the  North  American  Devonian  and,  therefore,  in  a 
measure,  the  type  sections  for  the  Devonian  of  the  world.  Next 
in  importance  to  those  of  New  York  are  the  exposures  found  in 
Michigan,  which  extend  into  Wisconsin  and  Iowa  on  the  one  band, 
and  into  Ontario,  Ohio,  and  Indiana  on  the  other.  The  Appala- 
chians include  Devonian  rocks  in  their  folds  in  Pennsylvania, 
Maryland,  and  Virginia,  and  the  Rocky  Mountains  and  the  north- 
west Canadian  region  also  present  Devonian  strata,  often  in  con- 
siderable thickness. 
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Fig.  1244.  —  Map  showing  the  outcrops  of  the  Devonian  rocks  in  North 

America.     (After  Bailey  Willis.) 


The  Devonian  Formations  of  North  America 

The  Devonian  period,  like  the  Silurian,  opened  with  restricted 
seas  in  both  America  and  the  Old  Worid,  but  the  areas  of  con- 
tinuous deposition  are  more  extensive  than  was  the  case  at  the 
opening  of  the  Silurian. 


Classification  and  SuMitnsions 

The  Devonian  formations  of  North  America,  as  we  have  seen, 
are  typically  developed  in  the  state  of  New  York,  more  than 
one  half  of  its  area  being  covered  by  these  rocks.    The  succession 
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is  very  complete  and  must  serve  as  the  standard  for  comparisoa 
for  other  regions.    The  following  major  divisions  are  recognized : 

IChautauquan  dtviskm  .     .     .      Chemung-Catakill  group. 
I  Portage  group. 
Senecan  divison j  Naples,  Ithaca,  and  Oneonta  beda. 
I  Geneaee-Tully  group. 
.......         {  Elian  division Hamilton  group. 

Devoniao  I  Ulsterian  division  . 
Lower  /  Oriakanian  division  . 
Devonian  \  Heldeibergian  divisioD 


{Marcellus-bnondaga  group. 
Scbobarie-Esopus  group. 
Oriskany-Port  Ewen  group. 
.     Heldeibeig  formations. 


Characteristic  Sections 

Helderberg'Catskill  Section.  —  The  most  complete  and  contin- 
uous section  of  the  Devonian  strata  is  found  in  the  Helderberg  and 
Catskill  Mountains  of  eastern  New  York.    The  series  here  is  com- 


Fio.  I J4S.  —Section  from  the  Hudson  Rivet  near  Rondout,  New  York,  to 
the  top  of  the  Catskill  Mountains,  showing  the  unconfonnable  superposition  of 
the  Upper  Silurian  upon  the  Ordovician,  and  the  conformable  succession  of  the 
Devonian  formations  from  the  Cocymans  to  the  Catskill.  The  thickness  of  the 
higher  formations  (Oneonta  and  Catskill)  is  not  fully  represented.    (Original.) 


plicated  by  one  or  more  overthrusts  and  many  faults,  and  in  some 
sections  the  strata  have  been  strongly  folded.  For  greater  sim- 
plicity the  faults  and  thrusts  will  be  omitted  so  that  the  section  as 
here  given  is  not  wholly  true  to  the  actual  (Fig.  1245). 
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At  Kingston,  as  we  have  seen,  the  Cobleskill  limestone  rests 
unconformably  upon  the  Ordovician  sandstone  and  is  followed 


Fio.  1346.  —  Section  ot  Upper  Silurian  and  Lower  Devonian  atiata  exposed 
in  Becker  Quarry,  Schoharie,  New  York.  Theflootaiidlower  face  of  the  quarry- 
expose  the  Manlius  limestone ;  the  brush-covered  retreating  portion  is  formed 
by  the  transition  beds;  the  upper  cliff  b  formed  of  the  Coeymans  limestone. 
(Courtesy  N.  Y,  Swte  Museum,  John  M.  Clarke,  Director.) 

by  the  Rondout  waterlime  and  the  Manlius  limestone  which  form 
the  top  of  the  Silurian.  Upon  this,  with  perfect  conformity, 
follows  the  first  of  the  Helderberg  beds,  the  Coeymans  limestone. 


^ 


ff 


Fig.  1147.  —  Cypidula  coeymanensU.    Coeymans.   The  lower  figure  &hows  the 
interior  of  the  pedicle  valve  with  the  spondylium.     (I.  F.) 

This  is  the  characteristic  relationship  throughout  the  Helderberg 
escarpment  (Fig.  1246).  At  Kingston  the  Coeymans  is  about 
50  feet  thick  and  contains  many  characteristic  fossils,  among  which 
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Gypidula  coeymanensis  (Fig.  1247)  may  be  noted.  Then  follow 
about  7S  or  100  feet  of  more  shaly  limestones  in  which,  gradually, 
new  species  of  fossils  appear,  while  G.  coeymanensis  b  abseat. 


-_j 


Fio.  17^.  ^Sptrifer  macTopUura.    New  Scotland.    Reduced.    (I.  F.) 

Most  typical  of  this  second  division,  the  New  Scotland,  is  Spirifer 
macTopUuTa  (Fig.  1348),  but  there  are  many  others.  The  third 
division  is  a  very  pure  shell  limestone,  the  Becraft,  much  valued 
for  the  making  of  Portland  cement.     It  is  named  from  Mt.  Becraft 


Fig.  1349.  —  CUff  of  Lower  Devonian  Becnft  limestone*  (m  the  slopes  of 
Dan's  Hill,  Schoharie.  The  cave  and  the  pillar  of  the  overhanging  ledge  are 
iormed  by  the  upper  New  Scotland  transition  Ijeds,  (See  Fig.  1364  b.) 
(Courtesy  N.  Y.  State  Museum,  John  M.  Clarke,  Director.) 

Dear  Hudson,  N.  Y.  (Fig.  1249).  Its  thickness  is  about  40  feet, 
and  it  is  characterized  by  many  species  of  fossils  which  appear  for 
the  first  time,  most  typical  among  them  being  Gypidula  pseudo- 
gaUata  (Fig.   1350*1)  and  Spirifer  concinnus   (Fig.   12506).    A 
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fourth  division,  the  Alsen,  is  of  variable  thickness  and  differs  from 
the  preceding  mainly  in  the  presence  of  chert  bands ;  G.  pseudo- 
galeata  is  absent,  but  Spirifer  amcinnus  b  common.  The  top  erf 
this  rock  series  is  characterized  by  an  ero^n  surface  indicating  a 


break  in  the  section.  Resting  disconformably  upon  this  surface 
is  an  impure  shaly  Umestone  with  lenses  of  more  calcareous  matter, 
the  Port  Ewen,  loo  or  more  feet  thick  in  this  region,  but  absent 
farther  north.  Besides  many  fragments  of  fossils,  evidently  worn 
from  the  underlying  rocks,  this  formation  contains  new  species. 


(1^ 


Fig.  iiS"»- — Spirifer 


many  of  them  characteristic  of  the  Oriskany  formation  of  which 
it  Is  a  part  and  into  which  it  grades.  The  Oriskany  is  largely  a 
sandstone,  sometimes  finely  conglomeratic  but  with  calcareous 
matter  as  well.  It  is  characterized  by  S/wn/er  orenojits  (Fig.  1351a), 
S.  murckisoni  (Fig.  1251  b),  Renssdaria  amides  (Fig.  12520), 
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Bipparionyx  proximtts  (Fig.  1252  i),  etc.  It  is  about  60 feet  tliick. 
Then  follow  dark  silicious  shales,  several  hundred  feet  thick, 
weathering  readily  and  producing  valleys.    This  is  the  Esopus- 


Fio.  11516.  —  Spirifer  murekiioHi.    OttAany,     Pedicle  uid  ride  views  and 
internal  mold  of  pedicle  vilve.    Reduced.    (I.  F.) 

Schoharie  series,  which  becomes  more  calcareous  upward  and  grades 
into  the  Onondaga  limestone  (Fig.  1253),  a  massiye  cherty  rock  50 
feet  or  more  in  thickness  and  carrying  corals  (favosites,  Zapkrentis, 


Fio.  1351a.  —  RentstUtria  otndti.    Oriskany.    Reduced.     (I.F.) 


Fig.  1254)  and  other  fossils  (Figs.  1355-1357).  Another  black 
shale,  the  Marcellus,  several  hundred  feet  thick,  with  few  and 
small  fossils  and  very  bitimiinous,  succeeds  this  limestone  and 
also  fonns  vaUeys,  and  it  passes  upward  into  more  sandy  shales 
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Fio.  \3sab.  —  Bippanonyx  proximus.  Oriskany.  Kde  view  of  convex 
(brachial)  valve  and  inqjies^n  of  6f.l  (pedicle)  valve,  showing  the  muscle 
■can.    (LF.) 


Fig.  i»S3.  —  Onondaga  limestone,  at  the  northern  edge  of  the  Allegheny 
plateau.  Deep  solution  fissures  are  formed  along  the  joint  cracks.  ^Courtesy 
N.  Y.  State  Museum,  John  M.  Clarke,  Director.) 
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and  sandstones   with  njarine  fossib   {Spirifer  mucrontUus,   Fig. 
1358  a;  Tropidolephts  cartnatus,  Fig.  1258  ft,  etc.  (Figs.  1258  c,  d)) 


fe' 


Fto.  \iS4-~Zaphrentis  prdifica. 
Onondaga. 


)  pereUgans. 
■nungcr.) 


about  500  feet  thick  which  form  the  lower  Bamilton  or  Mt.  Marion 
beds.  These  are  in  turn  succeeded  by  the  upper  Hamilton  or 
Ashokan  beds,  600  feet  thick,  which  furnish  the  best  of  the  Hudson 


Fro.  11560.  —  Merii- 
Idla  nasuta;  Schoharie- 
Onondaga.  (Hall  and 
Ctarke.) 

River  bluestone  or  flagstones  (Fig.  1259)  and  are  non-marine  delta 
deposits.  See  Figs.486and487,pp.  s78,579,Pt.  I.  Thenextseries 
represents  the  Portage  group,  and  consists  of  bluestone  and  red 


.384 


The  Devonian  System 


and  gray  or  greenish  shales  carrying  plant  remains  at  intervals 
(Onamta  series,  Figs.  1260,  1261).  These  are  about  3000  feet 
thick  and  ate  capped  by  the  Caiskill  sandstones  (Fig.  1362),  chiefly 


Fig.  its6 b.—TrapidokptmcariiMtui;  tlueeviewg.    Hamilton sliales.    (LF.) 


Fic.    ijsSc  — PlertVo    {CortirUiles)      Fig.  J2s8  d.  —  Phacops  roHa.  Hamil- 
fiabMum.    HamUton shales.  (I.E.)  ton.    (I.F.) 
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red,  and  some  white  beds  which  extend  to  the  top  of  the  Catskill 
Mount^ns,  a  thickness  of  about  1000  feet  remaining  after  much 
erosion.    In  Pennsylvania  these  beds  are  5000  feet  thick.    They 


Fig.  1IS9-  —  Stewart  flagstone  quany  in  upper  Hamilton  tonnation  north 
of  Rensselserville,  N.  V.  The  flagstones  are  obtained  from  the  massive  Uyera 
in  the  bottom  of  the  quairy  {4)  to  6  ft.)  above  which  lie  shales  with  Hamilton 
fossils,  capped  by  glacial  material.  (Photo  by  C.  S.  Prosser;  courtesy  N.  Y. 
State  Museum,  John  M.  Cl&dce,  Dii:tctor.) 


Flo.  1360.  — The  Rocks,  Conesville,  New  Yotk.  An  exposure  of  OiteOBtft 
unditone  (Upper  Devonian).  (Courtesy  N.  Y.  State  Miueuin,  J<din  M. 
Clarke,  Director.) 
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include  at  some  horizons  fresh  or  brackish  water  clams  (Fig. 
"63). 

Analysis  of  the  Section.  —  The  Lower  Devonian  beds  represent 
continuous  deposition  upon  the  Upper  Silurian  and  comprise  a 
series  of  limestones  primarily  of  organic  matter,  chiefly  shells,  with 


Fio.  ii6i.'-'OneoDta  soodstones  and  shales  {red  aod  green)  at  Manorlcill 
Falls,  New  York,  above  the  hridge.  (Courtesy  New  York  State  Museum, 
John  M.  Clarke,  Director.) 

a  minimum  of  terrigenous  material.  The  series  is  terminated 
hy  an  erosion  plane  which  marks  a  withdrawal  of  the  sea.  This 
erodon  plane  is  found  everywhere  in  the  Appalachian  trough 
except  at  its  northern  end  (Gaspe),  where  a  vastly  greater  thick- 
ness of  limestones  represents  the  Helderberg  series  {1200  feet). 
Above  the  erodon  plane  follows  a  detrital  lime-rock  (Port  Ewen) 
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iq>pareDtly  foimed  from   material  eroded  from  the  Helderberg 
series,  and  recemented  in  the  depressed  areas  into  which  it  was 


Fig.  ii6i.  — Catslcill  fonnation,   KsaterskiU  Falls,  N.  Y.    (Cootteqr  Nor 
York  State  Museum,  John  M.  Clarke,  Director.) 


It  is  covered  by  the  Oriskany  sandstone.     In  parts  of 
uiia  the  Port  Ewen  beds  rest  upon  the  Coeymans  lime- 


washed. 
Pennsylv 


Fig.  1763.  —  Amnigmut  catskiileitsis.    Oneonta  and  Catddll.    (I.  FJ 


stone,  the  Ugher  Helderberg  beds  being  eroded.    In  Maryland  the 
Oriskany  sandstone  rests  on  Becraft  limestone.    In  the  northern 
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end  of  the  trough  (Gasp£)  the  Oriskahian  series  consists  almost 
entirely  of  limestones,  800  feet  thick.  The  unfossiliferous  Esopus- 
Schoharie  muds  are  followed  by  the  Onondaga  coral-limestone,  and 


Fio  ia6s  — Diagram  of  the  relationship  of  the  Ordovician  Silunan  and 
early  Devoman  strata  of  New  York  a  Beckmantowu  a  Deeplull  shales 
b  Black  River  Trenton  b  Nonnansk  11  Canajohane  shaJc  c  Utica  ahalc 
d  d  Lorraine  e  Oswego  sandstone  e  Shawangunk  conglomerate  /  Queens- 
ton  shales  g  Medina  sandstones  h  CI  nton  Niagara  i  Sahna  Bertie  i  High 
Falls-Rosendale ,  j,  CobleskiU-Rondout,  it,  Manhus,  /,  Coeymans,  in.  New 
Scotland  I  n,  Beciaft;  o,  Alsen;  p.  Port  EtreD-Oriskany;  ^,  Decewville; 
q,  Eioplis;  r,  Schohuie  grit;  r",  Schoharie  shales;  s,  i',  Onondaga  limestone. 

this  is  succeeded  by  black  muds  which  grade  upward  into  sandy 
shales.  Above  the  lower  Hamilton  the  series  is  wholly  non-marine, 
begimiing  with  bluestones  and  ending  with  red  beds,  indicating  a 
progressive  change  toward  aridity. 


Fig.   1  ;66.  —  Section  (partly  on  Lake  Erie)  in  western  New  York,  from  the 
bead  of  the   Niagara  River  to  the  hills  of  southern  New  York,  showing  the 
a  of  the  Devonian  strata.     (Original.) 


The  sections  of  the  Helderberg  escarpment  farther  to  the  north- 
west at  Schoharie  (Fig.  1 264)  are  somewhat  simpler  and  less  com- 
plete, and  are  here  given  for  comparison  (Fig.  1265). 

Lake  Erie  Section.  —  In  the  western  part  of  the  state  of  New 
York  the  strata  have  a  very  gentle  southerly  dip  (Fig.  1266). 
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At  Buffalo  the  Onondaga  limestone  rests  disconformably  upon  the 
Coble&kill  (Fig.  1168,  p.  324),  ail  the  btervening  beds  being  absent, 


Fig.  1167.  — Outcrop  of  Marcellussbale.  showing  theoumerous  joint  planes 
and  thw  effect  on  the  rapidity  of  weatbering.  The  exposure  is  on  a.  unall 
brook  which  carries  away  the  talus  as  it  is  formed  (Courtesy  N.  Y.  State 
Museum,  Jolu  M.  Clarke,  Director.) 

except  a  layer  of  sand  grains  which  represents  the  Onskany.    The 
Onondaga  b  nearly  300  feet  thick  and  often  shows  coral  reef 


Fig.  1 168. — Upper  Marcellus  shale,  shore  of  Lake  Erie.   (I.  P.  Bishop,  photo.) 


structure.      The  Marcellus  is  a  black  bituminous  shale,  mudb 
thinner  than  in  the  east  (Figs.  1267, 1268),  and  grades  upward  into 
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more  calcareous  shales,  the  Hamilton,  very  rich  in  fossils. and  with 
several' thin  limestone  beds  (Fig.  1169).  It  is.  terminated  by  a 
layer  of  iron  pyrites  with  fossils,  which  in  central  New  York  be- 


FiG.  1369,  —  Section  of  Devonian  straU,  Eighteen  Mile  Creek,  N.  Y.  Middle 
Devonian  (H&milton)  beds  in  lower  hall  (put  of  upper  Ludbw  shale,  Morse 
Creek  limestone,  Windom  shales),  covered  t^  projecting  StyUolina  (GcDimdewa) 
limeslone  and  die  black  lower  Portage  shales  of  the  Upper  Devtmian.  (I.  P. 
Bishop,  [^to.) 


Flo.  H70.  —  Projecting  ledge  of  Tully  limestone  with  upper  Hamilton 
(Moscow)  shale  beneath.  Tinker's  Falls  near  Tully,  N.  V.  (Charlei  H. 
Shamd,  pboto.) 
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conies  the  Tully  limestooe,  35  feet  in  tMckncss  (Figs.  1270, 1271). 
Among  ils  characlenstic  fossils  Eypatkyris  cuboidej  (Fig.  1279(1) 
may  be  noted.    The  Genesee  ^lale  is  also  thin  in  western  New 


i.  —Quarry  in  Tully  lunestone,  Tully,  N.  Y.    (Charles  H.  Shamel, 

Yotk  (Fig.  1269),  but  75  feet  or  more  in  thickness  is  central  New 
York  (Fig-  1272),  where  it  is  a  black  bituminous  shale  with  few 
fosiUs.     Farther  east  its  place  is  partly  taken  l^  the  Sherburne 


Ktg.  I27J.  —  Outcrop  of  Tully  limestone  capped  by  Genesee  shale  (tree 
covered)  on  the  shores  o[  Cayuga  Lake,  N.  Y.  (Courtesy  N.  Y.  State  Museum, 
John  M.  Clarke,  Director.) 
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!,  a  beach  and  sandbar  deposit  (Fig.  1273).  The  Portage 
beds  which  succeed  are  gray  and  black  ehales  in  frequent  alter- 
nation capped  by  sandstones.  They  are  typically  exposed  in  the 
gorge  of  the  Genesee  at  Portage,  from  which  locality  they  received 
their  name  (Figs.  1 274-1 376).  Among  the  characteristic  fossils  are 
goniatites  (Fig.  1277)  and  small  pelecypods.  I^tward  they  arc 
replaced  by  the  Ithaca  beds,  which  carry  a  distinctive  fauna  {Fig, 


Fig.  1173.  —  Portion  of  a  fossil  beach  of  Devonian  time  (Sherburne  sand- 
stone), shoning  depressions  left  in  the  surface  by  plants  (?)  Fucoida  graphica, 
and  a  goniatite  shell.     (After  John  M.  Clarke.) 


1278).  The  last  division  is  formed  of  the  Chemung  sandstone 
and  shales,  which  here  replace  the  CatskiU  beds.  Among  the 
many  fossils  of  this  series  Spirifer  disjunctus  (Fig.  1279  «-/)  may 
be  noted.  These  Upper  Devonian  rocks  also  carry  the  peculiar 
cone-in-cone  structures,  the  origin  of  which  is  not  fully  under- 
stood (Fig.  1280). 

Analysis  and  Comparison.  —  The  Helderberg  beds  are  absent 
from  western  New  York.     If  ever  deposited  there,  they  were 
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eroded  again  during  Oriskany  time.  The  sands  spread  over  the 
erosion  surface  are  occasionally  injected  downward  in  the  Silurian 
rocks  into  fissures,  the  characters  of  which  suggest  that  they 
were  formed  by  early  Devonian  earthquakes  before  the  Onondaga 
limestone  was  deposited  (Fig.  591,  p.  689,  Pt.  I).  The  Onondaga 
limestone  shows  by  its  reef  structure  that  the  waters  were  pure 


Fig.  1174. — Typical  exposure  of  the  lower  Portage  shales  in  the  Genesee 
gorge  near  Mount  Morris,  N.  Y.  The  sloping  banlcs  are  formed  by  the 
Cssbaqua  gray  shales  with  goniatites,  etc.  The  upper  part  of  the  bank  Jn 
the  distance  is  formed  by  the  Rhinestreet  black  shale,  with  fish  remains. 
(Courtesy  N.  Y.  State  Museum,  John  M.  Clarke,  Director.) 


and  warm.  In  the  lagoons  between  the  reefs  silica-secreting 
organisms  (Radiolaria,  sponges,  etc.)  lived,  and  from  their  deposits 
much  chert  was  formed  secondarily  (Fig.  ii68,  p.  324).  Thb 
coral-reef  limestone  <an  be  traced  across  the  state  of  New  York  in 
one  direction,  westward  to  Ohio  and  Michigan,  in  another,  and 
southward  to  Kentucky,  having  everywhere  much  the  same  char- 
acter, %.e.,  that  of  a  coral  limestone.  It  is  abruptly  followed  by 
the  black  Marcellus  shale  which  thins  away  m  Ohio,  but  is  thick 
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in  the  Appalachian  trough  where  the  Onondaga  limestone  is  absent. 
An  east-west  section  in  New  York  State  reveals  the  following  rela- 
tionship (Fig.  1281): 

In  the  Appalachian  trough,  in  Maryland,  only  black  shales  are 
found.  At  Buffalo  both  limestone  and  shale  are  present,  while  in 
Michigan  only  the  limestone  occurs.  The  shale,  an  eastern  forma- 
tion, progressively  replaces  the  higher  parts  of  the  limestone  west- 


FiG.  1175.  — ClifF  of  upper  Portage  shales  and  flagstones  (Gaideau  beds)  - 
.  exposed  in  tbe  gorge  of  the  Genesee  River  between  the  Middle  and  Lower  Falls 
at  Portage,  N.  Y.  —  the  type  locality.  The  chief  fossils  in  these  beds  are 
goniatitea  and  pelecypods  (Figs.  1317  j,  m,  »),  similar  to  those  of  theCashaqua 
shales.  These  fossils  are  found  only  in  certain  layers.  (Courtesy  N.  Y.  State 
Museum,  John  M.  Clarke,  Director.) 

ward,  the  two  merging ;  they  are  cortemporaneous  deposits.  We 
have  here  such  a  series  as  is  forming  to-day  in  the  Florida  reef 
region,  where  the  older  reefs  are  progressively  covered  by  muds 
rich  in  decaying  organic  matter  (see  ante,  p.  300,  Pt.  I).  It  is  essen- 
tially the  Utica  shale-Trenton  limestone  relation  of  the  Ordovidan 
repeated  in  the  Devonian  and,  as  the  Utica  was  the  source  of  the 
Trenton  oil,  so  the  Marcellus  is  the  source  of  the  Onondaga  oil 
of  Canada  and  elsewhere.    This  product  of  distillation  from  organic 
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—  Upper   Devonian   sandstones  and   shales   (Portage  fonnation) 

csposed  ta  the  gorge  of  Watkina  Glen,  N.  Y. 


—  Gomalites    {Manlkoceras)     irUume;<eas,    an    Upper    Devonian 

gonialite;  a,  suture-line.     (After  Kayser.j 


ElO.  1178-  —  Portage  beds  (typical  Ithaca  phase);  shales  and  sandy  beds, 
exposed  in  the  Kon^e  of  Fall  Creek,  Flume  Falls,  Ilhaca,  N.  Y.  (Courtesy 
N.  Y.  State  Museum,  John  M.  Clarke,  Director.) 
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matter  passes  laterally  from  the  shale,  where  it  onginated,  into 
the  limestone,  where  it  was  stored. 

The  Hamilton  beds  of  western  New  York  are  marine  throughout, 
the  non-marine  upper  beds  (bluestone)  of  the  east  having  become 
merged  into  the  marine  sediments.  The  limestone  beds  of  the 
Hamilton  in  western  New  York  are  merely  the  attenuated  members 
of  the  great  limestone  series  which  almost  entirely  replaces  the 


-^si^i 


mZ 


FlC.  1179.  —Upper  Devonkn  brachiopods.  a,  HypothyrU  cuhoida,  3  views, 
Tullyi  l>-c,  Spirifer  {lUiUuiaria)  Unis,  pedicle  valve  with  apical  view,  Portage; 
d,  Spirifer  mesicaiUdis,  Ithaca- Chemung;  e~f,  Spirifer  disjunrtui:  e,  internal 
mold  of  long-ffingcd  form  showing  characteristic  division  by  dental  plates; 
/.exterior of  short-winged  pedicle  valve,  Chemung;  g-A,  SchuchaUtic  cliemuH- 
tetuis,  apical  view,  and  pedicle  valve,  Chemung;  i.  Prodtittdla  katlana,  opposite 
■  views,  western  Upper  Devonian ;  j-k.  Product^  speciesa,  two  views  of  pedtde 
valve,  Portage,  Qiemung,  Kinderhook. 

shales  of  this  period  in  Michigan.  Thus  we  have  here  an  ideally 
graded  formation,  —  sandy  shales  and  sandstone,  partly  non- 
marine  with  plants  in  the  east  near  the  shore.;  calcareous  shales 
rich  in  marine  fossils  farther  west ;  and  limestones  with  coral  reef 
structures  in  the  open  sea  a  thousand  miles  or  more  from  the  shore 
(Figs.  1282,  12830,  b). 

In  central  New  York  the  Hamilton  is  followed  conformably 
by  the  Tully  limestone  which  becomes  a  layer  of  iron  pyrites  in  the 
west.  Traced  southward  to  Pennsylvania  this  limestone  is  pro- 
gressively replaced  by  the  black  Genesee  muds,  the  higher  members 
of  which  overlie  the  Tully  limestone  in  New  York.  This  corre- 
q>ond3  precisely  to  the  replacement  of  the  Onondaga  limestone 
by  the  Marcellus  shale.  It  means  that  pure  open  water  existed 
in  the  north,  while  muds  were  washed  in  from  the  south,  and  these 
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muds  spread  northward,  replacing  the  limestone  (Fig.  1384). 
Over  the  interior  of  North  America  the  Middle  and  Upper  De- 
vonian beds  axe  separated  by  an  erosion  interval,  which  shows 


Fig,  1180.  —  Cooe-in-cone  structure  from  the  Upper  DevoniAn  of  south- 
western New  York.  The  large  specimen  shows  a  fragment  of  rock  from  above 
with  concentric  lines  marking  outlines  of  cones.  Tn'o  of  the  cones  have  been 
removed,  leaving  funnel-fonn  depressions.  One  of  the  cones  thus  removed 
is  shown  in  the  lower  left-hand  figure.  The  larger  cone  is  from  another  larger 
group.  (Photograph  by  B.  Hubbard  from  spedmeDS  in  Columbia  Uoiversity 
Geological  Museum.) 

that  at  the  end  of  Hamilton  time  the  sea  withdrew  for  a  while. 
Sometimes  nearly  or  quite  the  entire  Hamilton  series  has  been  re- 
moved again  by  erosion,  and  after  that  black  muds  were  spread  over 


Fio.  iiSi.  — East-west  section  in  New  York  State,  showing  the  replacing 
relationship  of  the  Marcellus  shale  on  the  east  and  the  Onondaga  limestone  on 
the  west,  a,  d,  b,  Onondaga  limestone;  c, lower  Marcellus  shale;  ^,<f, lime- 
stone with  Atoniotiles:  e,  «*,  middle  Marcellus  shale;  /,  Stafford  limestone; 
t,  i,  upper  MarceUus  shale.     (After  J.  M.  Clarke,) 
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the  eroded  surface,  these  reaching  a  thickness  of  600  feet  in  Ohio 
(plao  shale).  It  is  these  black  muds  which  send  fingers  eastward 
to  interlock  with  the  green  and  gray  muds  of  the  east,  as  is  shown 


Fig.  1  iSi.  —  Ideal  section  from  eastern  New  York  to  Michigan,  showing  the 
change  in  facies  of  the  Middle  Devonian  (Hamilton)  strata  from  delta  sands 
with  plant  rwnains  on  the  east,  to  coral-reef  rock  on  the  west.     (Onginal.) 

by  the  alternation  of  black  and  gray  muds  in  the  western  New 
York  section.  Again  it  is  these  black  muds  of  Ohio,  Indiana,  and 
Michigan  which  in  all  probability  were  the  source  of  the  petroleum 


Fig.  1183.  —  Devonian  reefs  of  Attawapishkat  River,  Canada,  a.  Reefs 
coveted  by  bedded  strata  shown  in  river  bank ;  b,  a  single  reef  mass  modeled 
out  by  erosion.     (After  BeU  from  PrincipUs  ef  Slraligmfhy.) 

which  was  stored  in  the  interbedded  sandy  layers  of  the  Upper 
Devonian  of  western  New  York  and  Pennsylvania,  and  has  been 
so  extensively  exploited  in  the  Olean-Bradford  region.    The  east- 


FlC.  1 184.  —  Diagrammatic  section,  showing  the  replacing  retatifinship  of  the 
Genesee  shale  and  TuUy  limestone  as  originally  deposited.     (Original.) 

west  relation  of  this  series  is  dlagrammatically  represented  as 
follows  (Fig.  1285): 
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Comparing  the  sections  of  eastern  and  western  New  York,  we 
note  that  the  Upper  Devonian  beds  of  the  east  are  all  continental, 
.  becoming  increasingly  red  toward  the  top.  In  western  New  York 
th^  are  all  marine  with  no  red  beds  in  the  Devonian.    Between 


Fig.  I  iB$.  —  Diagrammatic  section  from  the  Catskill  region  of  eastern  New 
York  to  Ohio,  showing  the  relationships  and  relative  thicknesses  of  the  Upper 
'  Devonian  formations,  and  the  interfing^ring  of  the  black  shale  (black)  from  the 
west  with  the  green  shales  (white)  and  the  sandstones  from  the  east   (Original.') 

these  two  sections  we  find  marine  beds  at  the  base  and  continental 
beds  at  the  top.  The  following  diagram  shows  this  relationship 
(Fig.  1286).  The  interpretation  is  as  follows:  In  the  Appalachian 
trough  of  New  York  and  Pennsylvania  sands  and  muds  were  butlt 


)6.  —  Diagram  showing   the  relationships   of   the   Upper   Devonian 
marine  and  contbental  formatbns  in  the  state  of  New  York.     (Original.) 

into  alluvial  fans  by  rivers  from  Appalachia.  In  the  center  of 
the  trough  and  westward,  marine  conditions  prevailed  and  the 
finer  sands  and  muds  were  deposited  there,  enclosing  marine  or- 
ganisms. The  rivers  became  more  intermittent  and  the  climate 
drier,  so  that  the  higher  sands  could  be  oxidized,  as  a  result  of 
which,  they  are  red  beds  to-day.    These  red  Catskill  beds  gradu- 
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ally  spread  westward  and  progressively  replaced  the  marine  Che- 
mung beds,  this  being  another  example  of  replacing  overlap. 


The  Devonian  History  of  North  America 

At  the  opening  of  Lower  Devonian  time,  the  seas  were  restricted 
to  the  Appalachian  trough,  which  apparently  was  closed  on  the 
south.  An  epeiric  sea  probably  lay  in  the  Cordilleran  trough 
as  well,  though  we  know  little  as  yet  of  the  formations  in  that 
region.  The  Appalachian  trough  (Fig.  1287)  opened  to  the  Atlantic 
on  the  northeast  (Gaspe  region),  and  organisms  from  the  Atlantic 
entered  its  waters.  Other  organisms,  surviving  in  the  trough  from 
Monroan  time,  became  niodified  under  the  restricted  environment 
produced  by  the  shrinking  of  the  seas,  and  from  these  two  sources 
the  Helderberg  fauna  was  developed.  Most  of  the  species  were 
probably  developed  within  the  trough  from  survivors  of  the 
Silurian  fauna,  just  as  a  special  fauna  has  developed  in  the  Red 
Sea  to-day  from  ancestors  which  had  entered  it  from  the  Indian 
Ocean.  Over  the  interior  of  North  America  erosion  was  going  on, 
but  the  rivers  of  Appalachia  appear  to  have  been  little  active.  At 
the  end  of  Helderbergian  time  the  sea  withdrew  to  the  Atlantic 
(Fig.  1288),  leaving  the  trough  dry  and  subject  in  places  to  erosion, 
so  that  much,  and  sometimes  all,  of  the  Helderberg  deposits  was 
removed  again,  though  locally  the  product  of  this  erosion  accu- 
mulated in'  depressions,  and  f roni  this  material  the  Port  Ewen  beds 
were  formed.  At  the  same  time  deposition  continued  near  the 
mouth  of  the  trough,  forming  the  thick  series  at  Gasp6.  Meanwhile 
sands  from  various  sources,  chiefly  erosion  of  older  sandstones 
(Sylvania,  St.  Peter,  or  basal  sandstones),  were  spread  over  the 
eroded  land  surfaces,  probably  largely  by  the  wind,  so  that  when 
the  trough  was  flooded  again  (Fig.  1289)  and  the  waters  spread 
westward  over  the  eroded  surface,  they  found  quartz  sands,  some- 
times in  thick  deposits  in  hollows,  at  other  times  in  thin  layers. 
These  sands  were  more  or  less  reworked  by  the  waves,  and  the 
animals  of  the  sea  contributed  their  shells  to  the  deposit,  which 
in  places  became  very  fossiliferous.  Thus  was  formed  the  Oriskany 
sandstone,  which  in  parts  of  Pennsylvania  is  a  thicK  and  very 
pure  quartz-sand  (Fig.  485,  p.  578,  Pt.  I),  but  in  other  regions  is 
often  only  a  thin  layer  of  quartz  grains.  The  typicBl  Oriskany 
fauna  entered  the  trough  from  the  Atlantic,  but  the  Arctic  sea,  the 
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Fic.  12S7.  —  Pal^ogeogntpliic  map  of  North  America  in  Helderbei^n  time, 
showiog  the  distribution  of  land  and  water  (bUdt)  at  the  opening  of  the  De- 
vonivi.     (Original.) 

home  of  coral  growth,  also  advanced  southward.  In  that  sea  the 
old  Upper  Silurian  fauna  had  become  modified  and  it  now  returned 
to  the  North  American  cootinent  as  the  Onondaga  fauna,  and 
a>ral  reefs  once  more  began  to  grow  in  central  North  America 
(Figs,  1290,  1291).  By  this  time  the  rivers  of  Appalachia  had 
become  active  again.    At  first  they  spread  mud  deltas  into  the 
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waters,  thus  forming  the  Esopus-Scboharie  muds.    Then  followed 
the  Marcellus  muds,  which  slowly  spread  westward,  exUnguishiog 
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Fig.  1 188.  —  Palaogeographic  map  of  North  America  in  early  Oriskany  time, 
showing  the  distribution  of  land  and  water  (black),  and  the  type  of  drainage. 

(Original.) 


the  coral-reef  growth  as  they  advanced.     At  last  only  a  r^mnaat 
of  the  Onondaga  fauna  remained  in  the  interior  sea,  but  now  th^ 
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Atlantic   fauna  entered  agiun,  and   from  these   two  sources  the 
Ibmilton^auna  was  developed.    This  spread,  as  the  waters  again 


Fia.  1189.  -- PalfeogMgraphic  map  of  North  America  in  late  Oriskany  time, 

when  the  Appalachiaa  trough  was  again  flooded.     (Original.) 

deep^ed,  over  the  region  of  the  black  muds  of  the  preceding  epoch 
(Fig.  1393).  Meanwhile,  the  Cordilleran  sea  had  spread  eastward, 
its  waters  havug  become  populated  by  immigrants  from  Asia 


Fig.  iigo.  —  Dugrammatic  section  oS  the  Middle  Devoniaii  con]  reef  cz- 
pcMcd  on  the  north  face  (inface)  of  the  Oncmda^  cuesta  neai  WtUiamsviDe  in 
mstem  New  Yoik.     (Or^naL) 
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Flo.  1191.  —  Paheogeographic  map  of  North  America  in  Onondaga  time,  il 
ing  the  distribution  of  land  and  sea  (black).     (Original.) 
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by  way  of  Alaska,  as  is  clearly  shown  by  the  distribution  of 
the  fossils  in  these  -beds.    These  waters  bearing  the  Asiatic  fauna 


Fig.  119a.  —  Palicogeographie  map  of  North  America  in  Hamilton  time,  showing 
the  distribution  of  laud  and  sea  (black).     (Original.) 

effected  a  junction  with  the  eastern  waters  in  the  region  of  Wis- 
consin and  Michigan,  and  we  find  there  to-day  that  the  beds  con- 
tun  the  mingled  faunas  of  the  two  series.     For  a  long  time  the 
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continent  was  now  covered  by  pure  warm  seas  in  which  coral 
reefs  grew,  but  the  impending  change  was  heralded  by  the  fact 
that  the  Appalachian  rivers  became  more  and  more  loaded  with 
sediments,  so  that  the  deposits  which  they  spread  out  ^yeotually 
rose  above  the  surface  of  the  sea  as  the  Ashokan  bluestone  delta. 

At  the  close  of  Meso-Devonian  time  the  seas  shrank,  this  being 
coincident  with  a  further  rise  of  Appalachia,  and  an  increase  in 


Fig.  1 293  a,  —  Bothriolepis  canadensis,  restoration ;   upper  side.     (After  Patten, 
Evolulion  of  the  Vertebrates;  by  permission  of  Blackiston's  Sons  and  Co.) 

the  quantity  of  mud  and  sand  brought  to  the  delta  by  its  rivers. 
A  second  great  delta  was  built  into  the  northern  part  of  the  Ap- 
palachian trough,  and  its  remains  are  now  seen  in  the  great 
Devonian  sandstones  of  the  Gaspc  region  in  which  have  been 
found  the  wonderfully  preserved  bony  armors  of  the  ancient  fish- 
like ostracoderms  (Fig.  1293). 

While  this  was  going  on,  and  probably  earlier,  while  the 
Hamilton  fauna  still  flourished  in  the  interior  seas  of  New  York,  the 
Ohio  and  Michigan  region  and  that  now  included  In  our  southern 
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states  (Tennessee,  Alabama,  Kentucky,  Missouri,  etc.)>  were  the 
dte  of  the  formation  of  a  remarkable  black  soil,  comparable  in 
all  respects  to  the  black  earth  or  tchemosem  of  modem  Russia  (see 
ante,  p.  459,  Pt.  I).  This  was  partly  residual  earth  and  partly  a 
loessic  deposit,  as  its  Russian  analogue  is  believed  to  be,  and  the 
growth  and  decay  of  herbaceous  vegetation  gave  this  soil  its  heavy 
quantum  of  organic  matter.    This  soil  was  gathered  from  certun 


Fig.  11936. — BathricUpis canadetuis,ieiton&>ti;  underside.    (After Patten, 
Etolutiott  of  the  Verl^ata;  by  permisdon  of  Bladdston's  Sods  and  Co.) 

sections  by  rivers  and  washed  into  the  sea  which  lingered  In  the 
north,  just  as  the  Vistula  to-day  washes  the  black  Russian  earth 
into  the  Bay  of  Danzig.  Much  of  the  old  soU,  however,  remained 
where  it  was  formed,  restii^  on  a  foundation  of  various  older 
rocks,  Silurian  or  Ordovician.  The  first  of  the  rivers  which  washed 
black  mud  into  the  now  contracted  Upper  Devonian  sea  formed 
the  Genesee  shale  (Fig.  1294).  As  the  sea  spread  westward  In 
Portage  time  (Fig.  1295),  black  muds  were  washed  Into  it  in  the 
re^ns  now  embraced  In  the  states  d  Ohio,  Indiana,  and  QllDois, 
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and  these  muds  spread  northward  to  Michigan.    In  this  way  we 
can  readily  explain  the  origin  (A  the  Ohio  black  shale,  which  inter- 


Fio.  1 394.  —  PalEogeographic  map  of  North  America,  showing  the  distribu- 
tioa  of  land  and  water  (black)  at  the  time  the  Tully  limestone  and  Genesee  shale* 
were  being  deposited,  i.e.  the  opening  of  Upper  Devonbn  time.     (Original.) 


fingers  eastward  with  the  sediments  from  Appalachia.     It  shquld 
be  noted,  however,  that  this  shale  has  also  been  interpreted  as  hav- 
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ing  been  formed  c 
of  the  Black  Sea. 


]  the  bottom  of  stagnant  water  bodies  like  those 
In  these  black  muds  were  included  the  remains 


Fio.  1195.  —  Palteogeofraphic  map  of  North  America,  showing  the  distributloii 
of  land  and  water  (black)  in  Portag'  time.    (Original.) 


of  the  early  coniferous  trees,  fragments  of  the  trunks  of  which, 
many  feet  in  length  and  a  foot  or  more  in  diameter,  are  not  in- 
frequently found.    These  trees  may  have  grown  on  the  banks  of 
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the  rivers  which  brought  the  mud.  The  remaiiis  of  huge  sharks 
and  of  fish  related  to  our  modem  lung  fish  are  also  found  in  these 
muds  (Fig.  1296).  They  were  probably  inhabitants  of  the  rivers 
which  brought  the  mud,  rather  than  dwellers  in  the  sea,  as  their 
remains  are  most  abundant  in  these  mud  deposits.  Marine  or- 
ganisms are  rare,  probably  because  the  waters  were  too  fresh  near 
the  mouths  of  the  rivers  to  permit  their  existence.    The  case  is 


..-.-" 


Fig.  1296. — Outlines  of  jaws  of  a  Devonian  fish.    Dinichthys  hertzeri,  Ohio 

black  shale  about  -g-  natural  size. 

analogous  to  that  of  the  Baltic  Sea  of  to-day,  where  few  shell- 
building  organisms  live,  while  those  that  do  occur  are  dwarfed,  as 
are  the  few  shells  found  in  the  Ohio  shales. 
Continued  river  activity  in  the  east  resulted  finally  in  the  spread- 

« 

ing  over  considerable  territory  of  the  sands  and  muds  of  the  Catskill 
delta  (now  red),  while  the  black  muds  spread  from  the  south,  so 
that  by  the  close  of  Devonian  time  much  of  the  territory  once 
covered  by  normal  marine  waters  had  become  dry  land  or  marshy, 
with  brackish-water  lagoons  and  bays.  By  the  opening  of  the  next 
period,  however,  the  marine  waters  spread  again  in  all  directions. 


Europe  and  Asia 

With  the  folding  of  the  Silurian  and  older  rocks  in  the  Welsh 
and  Scottish  regions  of  the  Baltic  geosyncline,  the  zone  of  maximum 
marine  deposition  appears  to  have  been  moved  eastward,  so  that 
we  find  the  oldest  marine  Devonian  rocks  in  western  Germany. 
These  rocks  were  folded  again  in  more  recent  times,  and  through 
them  the  Rhine  has  finally  cut  its  beautiful  gorge  (Fig.  601,  p. 
703,  Pt.  I).  Therefore  it  is  on  the  banks  of  the  Rhine,  especially 
near  Coblenz  on  the  north  and  at  the  southern  end  of  the  gorge  as 
well,  that  we  meet  with  these  oldest  Devonian  rocks  (Fig.  12^7), 
while  between  these  points  higher  Devonian  strata  are  shown.  An- 
other development  of  them  is  f oimd  in  Bohemia,  where  they  succeed 
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the  Upper  Silurian  beds  conformably.    The  rocks  of  the  Rhine 
gorge  are  several  thousand  feet  thick  and  are  mostly  shales  and 


Fic.  1J97.  —  Section  of  defonned  Lower  Devonian  strata  exposed  in  the  walls 
on  the  Rhine  gorge,  near  Bingen.     (Modified  after  Holzapfel.) 

sandstones  with  marine  fossils.  The  geosyncline  in  which  they 
were  formed  apparently  communicated  with  the  Atlantic,  for  many 
of  the  fossils  of  these  rocks  have  near  representatives  in  the  Helder- 
berg  and  Oriskany  de- 
posits of  the  Appa- 
lachian trough.  The 
Bohemian  Lower  De- 
vonian fauna  is,  how- 
ever, more  distinct  and 
probably  represents  an 
independent  develop- 
ment in  a  separate 
province.  The  folded 
Silurian  strata  of  Eng- 
land and  southern  Scot- 
land were,  at  this  time, 
subject  to  erosion,  and 
the  product  of  this 
erosion  was  deposited 
in  alluvial  fans  and 
river  flood-plain  strata. 
This  was  the  begin- 
ning of  the  formation  of 
the  Old  Red  Sandstone 
series  which  represents 
practically  the  whole 
of  "the   Devonian,    and 


Fig.  I  igS.  —  Vertical  strata  of  upper  Old 
Red  Sandstone,  Sandtop  Bay,  Caldy  Island, 
Pembrokeshire,  England.  (Photo  Geological 
Survey,  Great  Britain;  from  Lake  and  Kastall.) 


s  throughout  a  formation  of  continental  origin.     (Fig,  laijS). 
Over  many  parts  of  Scotland  it  rests  unconformably  upon  the 


The  Devonian  System 


Fig.  i39g.— Upper  Old  Red  Sandstone  coDglomente,  resting  unconfonnably 
on  the  upturned  «lges  of  the  Silurian  greywackes.  Sicku  Faint,  neu  Cock- 
buraspatJi,  Scotland.     (Photo  by  M.  I.  Goldman.) 


Fig.  1300.  —  Contact  of  the  upper  and  lower  Old  Red  Sandstone  at  Whiting 
Ness  (Arbroath),  Scotland,  showing  unconformity  between  them,  (Photo  by 
M.  1.  Goldman.) 
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Silurian  rocks  (F^.  1299),  while  elsewhere,  and  in  the  Orkney 
Islands,  the  upper  Old  Red  lies  unconformably  on  the  lower 
(Figs.  1300,  1301).  Its  chief  fossils  are  fish,  ostracodenns  (Figs. 
1338-1544),  eurypterids,  and  occasionally  plant  remains.  Fre^- 
water  musseb  also  occur  in  some  strata.  Continental  red  beds  of 
Lower  Devonian  age  were  also  formed  in  southern  Russia  (Podolia), 
where  they  are  to-day  exposed  in  the  banks  of  the  Dniester  River.  ■ 
They  grade  downward  into  the  subjacent  Upper  Silurian  deposits 
of  that  region.  In  the 
Baltic  Provinces  of 
western  Russia  beds 
ot  the  Old  Red  Sand- 
stone type  were  also 
formed  by  rivers  com- 
ing from  the  land 
mass  on  the  north- 
west, and  were  spread 
over  a  considerable 
area  during  Meso- 
and  Neo-Devonian 
time. 

In  Meso-Devonian 
time  the  sea  extended 
over  a  considerable 
portion  of  western 
Europe,  and  extensive 
coral-reef    limestones 

accumulated.     These    ^J'^J^T.^''' "^"."^  "''^' ?*»^' "PP" 
,  ,     Old  Red  Sandstone  resting  uncotuomubly  upon 

seas  spread  eastward     the  lower.    (After  Geikie.) 
across  Asia  where,  as 

the  result  of  the  elevation  of  the  Irkutsk  basin,  marine  sedimen- 
tation became  confined  to  the  areas  involved  in  the  new  geo- 
syncline  farther  south  (p.  216).  This  'trans-Asiatic  sea,  .finally, 
communicated  with  the  northern  end  of  the  Cordilleran  geosyn- 
cline,  so  that  the  faunas  which  then  lived  in  the  waters  of 
Europe  and  Asia  could  also  enter  the  west  American  geosyncline 
and  spread  eastward  to  Iowa  and  Wisconsin. 

A  comparison  of  the  Upper  Devonian  faunas  of  Asia  with  those 
of  western  North  America,  i.e.,  of  the  Cordilleran  geosyncline  and 
its  eastward  extension,  shows  that  a  very  close  similarity  exists 
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between  them,  and  this  can  only  mean  that  the  two  regions  con- 
tinued to  remain  in  commimication.  But  we  have  seen  that  the 
brachiopod  and  coral  fauna  of  the  Cordilleran  region  is  very  dis- 
tinct from  that  which  characterizes  the  Upper  Devonian  rocks  of 
western  New  York,  Ohio,  and  Pennsylvania,  in  which  pelecypods 
and  goniatites  predominate.  This  fauna  appears  suddenly  in 
North  America  as  an  invasion  of  the  central  region  at  the  dose  of 
Hamilton  time,  whereas  the  western  (lowan)  fauna  is  clearly  derived 
from  the  preceding  Middle  Devonian  of  that  region.  In  the 
Atlantic  region  the  Hamilton  faima  continued  to  exist,  as  is  shown 
by  the  repeated  invasions  of  this  fauna  into  the  eastern  New  York 
and  Pennsylvania  region.  On  the  south  land  masses  existed  from 
which  the  rivers  spread  muds  northward.  Thus  this  goniatite- 
pelecypod  fauna  could  enter  North  America  only  from  the  north, 
or  northwest  perhaps,  along  the  old  pathway  of  communica- 
tion across  the  Arctic  region.  The  development  of  this  fauna 
seems  to  have  taken  place  in  Europe,  where  these  goniatites  form  a 
charactesistic  feature  of  the  Upper  Devonian  strata. 

Southern  Continents 

Northern  Africa  was  submerged  in  Devonian  time  by  a  portion 
of  the  sea  which  covered  Europe,  as  is  shown  by  the  fact  that 
Devonian  rocks,  with  fossils  like  those  found  in  the  Devonian  of 
Europe,  crop  out  at  various  places  in  the  northern  Sahara  desert. 
In  South  Africa  (Capeland),  on  the  other  hand,  we  find  Devonian 
strata  with  the  Atlantic  fauna,  and  the  same  is  true  on  the  other 
side  of  the  Atlantic  in  South  America,  where  Devonian  formations 
are  known  from  Brazil,  Bolivia,  Argentina,  the  Falkland  Islands, 
etc.  These  probably  represent  deposits  formed  in  emba3rments 
of  the  Atlantic.  Thick  deposits  of  Devonian  strata  are  also 
foimd  in  Australia,  especially  in  the  southeastern  portion. 

Disturbance  and  VoLCANiaTY 

The  Devonian  strata  of  the  New  England  States  and  the  mari- 
time provinces  of  Canada  have  been  strongly  disturbed  by  moun- 
tain-making processes,  which,  in  some  cases,  appear  to  have  been 
inaugurated  in  Middle  Devonian  time  and  were  completed  before 
the  opening  of  the  Mississippian  of  that  region.  Thus  we  find  that 
throughout  Nova  Scotia,  New  Brunswick,  and  southern  Quebec, 
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the  Mississippian  and  Pennsylvanian  rocks  rest  unconformably 
upon  the  folded  and  eroded  older  formations.  Associated  with 
these  disturbances  was  the  extensive  intrusion  of  igneous  masses 
into  the  older  rocks,  and  probably  the  outpouring  of  lavas. 
.  In  western  Europe,  too,  extensive  disturbances  took  place 
during  early  Devoiuan  time,  when  the  Caledonian  chain  of  moun- 
s  formed  by  the  folding  of  the  older  rocks.    At  this  tiipe, 


Fig.  1303.  —  Cross  section  of  a  Devonian  volcano,  Hoy,  Orkneys.  (After 
A.  Geikie.)  i,  Caithness  shales  (lower  Old  Red  Sandstone);  2,  lava  sheet; 
3,  volcanic  necks  full  of  an  agglomerate  of  ejectamenta ;  4,  upper  Old  Red 
SoDdstoDC. 

too,  enormous  overthnists  occurred  in  what  is  cow  the  Scottish 
Hi^ilands  and  western  Scandinavia,  ahd  associated  with  these 
disturbances  there  was  much  outpouring  of  lava,  so  that  in  some 
districts  of  Scotland  the  Old  Red  Sandstone  is  formed  largely  of 
lavas  and  agglomerates,  while  in  other  parts  the  lower  Old  Red 
contains  extensive  lava-flows  (Figs.  1301, 1303).  Similar  lava-flows 
are  intercalated  in  the  marine  Devonian  series  of  southern  England. 

General  Characteristics  of  the  Devonian  Faunas  and 
Floras 

While  the  life  of  the  Devonian  has  many  characteristics  in  common  with 
that  of  the  Silurian,  there  is,  nevertheless,  a  marked  distinction.  The  most 
characteristic  sponges  aietheDictyo^mngidae  (Fig.  ijoj).  Graptolites  have  dis- 
appeared entirely  except  for  members  of  the  Dktyotuma  group,  which  are  found 
occasionally.  Stronutoporas,  on  the  other  hand,  have  become  exceedingly 
abundant,  and  sometimes  form  masses  up  to  to  feet  in  diameter  (Fig.  1304). 
The  cap-tonii  were  in  their  acme  of  development,  and  a  great  array  of  types 
characterizes  the  Devonian  reef  rocks.  The  most  conspicuous  were  the  genera 
Zaphretdis  (Figs.  1254,  1305),  Cyathopkyllum  (Figs.  1306  c-d),  HdiophyUum 
(Fi^  1306/,  13070),  CysUpkylium  (Figs.  1306a, b),  etc.,  and  in  Europe  the 
operculated  Caictda  (Fig.  1308).  Compound  forms  also  abounded,  the  genera 
PriimaiophyUuM   (Fig.   rjo;  b)   and   PUUipsastraa    (Fig.    1309)   bdng   most 
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Fic,  13070.  —  Bdiephylltim  confiuaa.     bGddle  Devonian.     (I.  F.) 


FiQ.  1307  h.    Section  of  Frismataphyllum  datidstmi.     Middle  Devonian. 


Fig.  1308.  —  CaUeola  zandcUina.    A  Devonian  coral  the  calyx  of  wbich   i 
closed  by  an  operculum.    {After  Kayser.) 
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Fig.    1309. — PhOtipsaslraa  {BUlinis-  Fio.t  310  a. —PavosiUituberosiu. 

atlraa)   pt/is,    Onondaga.    (After  Ro-  daga.    (After  Rominger.) 


Fio.  ijioi.  —  FmosUes  mtdla.    Hanul-      Fro.    liioc.^Cladopora   cryptodaa.     Onon- 
ton.    (After  Rommget.)  d^a.    (After  Romiager.) 
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(reqncntly  luted.    FaaaiUi   (Fig.   1310  a,  b)  ms  Rproented  by  nuiutwxB 
species,  ami  the  related  if  urAdiiiid  (Fig.  isiijnsalsowiikspKad. 

'Brjont  were  canmKin,  cspedaUy  tbc  fencstelloids  (Fig.  1313).  Tbc  B»> 
cUopoda  were  also  represented  by  characteristic  Ij-pa.  The  fVUu  gTOiip  com- 
prised  the  short-hinged  round  fonns  (Riifidomrlla,  Fig.  1314  e;  Schmpktria, 
Fig.  1314/),  etc.  The  flat-«beUed  or  concavo-cocn'ei  types  iadoded  the 
gattnSlrepliecdmita  irigi.i3na,b),  Sirirpkomila  (¥ig.  tjn  c),  SchnchattBa 
(Fig.  1314  d),  aod  the  spinobearing  CkonOa  (Figs.  1315  d,  j,  i),  which  mn 
OHmiioii  for  the  first  time.  Spirifer  was  extremely  abundant  utd  often  very 
ktog-hiaged  (Figs.  1158  a,  1314  f-y).  Otho-  characteristic  genen  were  Alkyris 
{Figs.  131S  (,  ••),  Alrypa  (Figs.  1314  l-n),  MtriitdU  (Fig.  1136  «),  «nd  a 
immbfT  of  rtiyiKhoDdli»]  types.    A  chancteristk  feature  of  many  Devonian 


Fic.  I3IJ.  —  Aulofora  ttr- 
Fic.   1311. — MicMiniacontxa.    Oncmdaga.      peiu.       Middle      Devoniui. 
(I.  F.)  (After  d'OtWgny.) 

brachii^Mds  should  be  noted :  their  soft  "arms"  or  brachia  were  supported  by 
calcareous  spirals,  which  are  commonly  preserved  in  the  interior  of  the  shell 
(S^rifer,  Fig.  iso6,  Alkyris,  Alryfia,eK.,Fi^&ji,Sj3,pp.  114-115).  Atypical 
Middle  Devonian  brachiopod  of  Europe,  Asia,  and  western  North  America  is 
Slringocephalus  {Fig.  1316).  PdeCfpods  were  numerous,  e:)>ecially  the  ninged 
Plerinea  (Figs.  H59,  1317  e-g),GTammysia  (Fig.  1317  i),  BucAWo  (Fig,  1317  ft), 
etc.  Gastropods  were  very  generally  represented  by  loose-coiling  types 
(plalycerai,  Figs.  i3i8;-n);  but  others,  especially  Pkurolomiiriii  (Fig.  1318  a,  A) 
were  also  common.  Among  cephalopods  the  most  characteristic  were  tbe 
goniatites  (Figs.  1331  ^1313),  though  their  sheik  are  not  everywhere  present 
in  the  Devonian  rocks.  Other  cephalopods  were  Orihocerai  (Fig.  1319)  and 
NautUus  (Fig.  1311  t:).  The  echinoderms  were  chieSy  represented  by  crinoids 
(Fig.  1318),  but  some  blastoids  also  occurred  {Eiaacrinus,  Fig.  1317).  Starfish 
of  relatively  simple  structure  were  common  in  some  cases. 

Among  the  tiilobtteB  the  Silurian  genus  Daimanilts  still  continued  in  the 
Lower  Devonian,  but  the  most  characteristic  genera  were  Proitus  (Fig.  1330), 
Phacops  (Fig.  ias8  d),  and  Crypkmts  (Fig,  1331).  HomtdoKolus  (Fig.  1333), 
though  represented  m  the  Silurian,  is  also  a  typical  Devonian  genus.    There 
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Fig.  1313.  —  Devonian  Bryozoa.  a-b,  Bederdla  eartadeHsis  mth  enlarge- 
ment (X9),  Onondaga  and  Hamilton;  c-d,  Rrplaria  sldonifera  with  enlarge- 
ment (Xti),  Hamilton;  e,  Botryllapora  socialis,  much  enlarged,  Hamilton; 
f-h,  MoHotrypa  labulaia:  /,  a  fragment  (Xt)  ;  {.  tangential  section  {X4^) ; 
k,  group  of  tubes  enlarged  showing  corrugations,  Helderberglan ;  i-j,  Fcik~ 
tl«titi«nKif(aAi,  opposite  sides  of  frond  (X3),  Hamilton;  k-m,  Unilripa  icalarii, 
opposite  sides  of  frond  (X3),  and  transverse  section  much  enlarged,  Hamil- 
ton; it-p,  Loctdipera  perforata:  »,  fragment  (xf);  o,  celluliferousside  (X3); 
p,non-<:elluliferous3ide(X3),  Hamilton;  g,  PiBna/o^nca/'inato  (X4i), Ham- 
ilton; T,  Slrtblotrypa  hamHlonensis  (X>3^),  Hamilton;  s,  Cysladirlya  itu- 
cisurata,  enlarged,  Hamilton;   J,  Acrogenia  prolifera  (Xj),  Hamilton.     (I.F.) 
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were  miay  characteristic  ostrmcods  (Fig.  1334),  but  tKey  seldom  fo^oed  the 

dominant  element  of  the  fauna,  as  they  often  do  in  the  Silurian.  The  presence 
of  worms  is  indicated  by  small  calcareous  tubes  {Spirorbis)  and  by  ctmodoDts 
(Fig.  1335). 


Fig.  1314.  —  Characteristic  Devonian  brachiopoda,  a,  Slropheaionta  it- 
miisa,  oppo^te  views,  Hamilton;  b,  Slropheodonta  (Pholidestrophia)  iowotfuif, 
Onondaga  and  Hamilton,  j  views;  f,  SlrophoiKllareversa,  Chemung,  opposite 
views;  d,  SchackerUUa  ardoslriata,  with  enki^ement  of. surface,  Hamilton; 
e,RhtpidomtUavtnuxenu,\lim]iion,2v\evi-,f,Sckizaph0riastriatida,'tA\d&taJtA 
Upper  Devonian,  2  views;  g,  Spirifer  /ornacuia,  Hamilton,  j  views;  h,  Spirijer 
foiuofcn'nw, Hamilton ;  (',5firf/er«M/f/i/u, Hamilton;  j,Spiri/tT luUius,uppet 
Hamilton;  k,  AmbixirUa  umboHala,  Hamilton,  opposite  valves;  I,  Alrypa 
TCtkiUaris,  interior  of  pedicle  valve,  Onondaga-Hamilton;  m,  A.  spincsa, 
pedicle  valve,  Hamilton;  n.  j4.  ccciiftndi/ii.  Middle  Devonian;  o.CryplotuUa 
ptanirostris.  Marcel) us-Hamilton,  2  views;  p,  Camarotixchia  sappko,  Marcel- 
lus  to  Waverly,  3  views. 

The  fresh  water  (rivei  and  estuarine)  deposits  are  characterized  by  the  re- 
mains of  cniStACeans  (Fig.  1336)  and  enrypterids,  among  which  huge  forms, 
sometimes  attaining  a  length  of  5  feet,  are  known,  though  only  from  frag- 
ments {StyUmurus,  Fig.  133;).  The  fish  also  appear  to  have  been  largely 
restricted  to  the  rivers,  although  many  fish-remains  are  found  in  the  marine 
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strata,  generally  under  conditions  which  suggest  that  they  represent  river 
types  which  h&ve  entered  the  sea,  or  the  remains  of  which  have  been  carried 


^  --TV 


^m 


Fic.  1315.  —  Middle  Devnnian  brachiopods.  a-c,  SpWiJer  pranalcsus, 
3  views  and  enlargement  of  surface ;  d,  Choneta  mucronalus  ;  c-g,  Straplialosia 
Iruncala,  brachial  and  1  views  of  pedicle  valve;  h-i,  Cyrtina  hamiltorieniis, 
pedicle  and  cardinal  views;  j-k,  Chonetti  coranalus,  exterior  of  pedicle  and 
interior  of  brachial  valves;  l-m,  Alkyris  sptriferoidts,  cardinal,  and  brachial 
views.    (All  reduced.) 

out  from  the  rivers  and  buried  ut  marine  strata.    Nevertheless,  some  forms 
may  have  lived  permanently  in  the  Devonian  seas. 

Most  characteristic  of  the  Devonian  fish-like  types  were  the  armored  »■- 
tracoderms,  the  heads  and  anterior  parts  of  the  body  of  which  were  covered 


Fic.   1316.  —  Slrintocephalus  burloni  (Xj).    A  Middle  Devonian  brachbpod 
of  Europe  and  northwestern  North  America.     (After  Kayser.) 

with  bony  plates,  and  which  were  already  well  dei'eloped  in  Silurian  and  even 
in  Ordovician  time.  They  are  particularly  characteristic  of  the  more  torrential 
types  of  river  deposits,  such  as  the  Catskill  and  Gasp£  delta  fans  (BolMipUpit, 
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Fic.  1317.  — Dei-onian  pelec>pods.  a,  Cymtaria  angulala,  Chesning; 
b.  Grammysia  biiuJ<ala,  and  r.  Orliionola  cirinata,  Hamilton;  d,  Coniofhara 
chemungrnsis,  and  r,  Pininrd  chemungensis.  ChemunR ;  /.  AclineplfTia  mtrkota, 
Marct-tlus;  j. /t.do-iujti/j.and  h.Aviiulopcden  ^/wfpj,  Hamilton ;  i.SmuiUa 
oblongjliii,  interior  mcild,  Marcellus,  Hamilton  and  Portaee;  j,  Pttrockirma 
/ro(i7ij,  Purtaiici.Vaplcij;  k,  Luniilifardium  <Kulir(utrum.Otat%tx;  t.Paracyclat 
d/i^iro,  OnondaEa-Hamilton;  «,  Pij»tfMitj  rof-Mslo,  Pottage;  n,  BviMcU  rtiro- 
.  tiriala.  Portage  (S'aplesj;  0,  Sphencliis  ronlratliis.  Chemung;  f,  ScUxedlls 
s,  Hamilton-Chemung;  4,  Faltraneilo  eitu^rgin/ila,  Hamilton-Poitage. 
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Fig.    1311.  —  Anarcesles  lotesePMus,  a  Ftc.  I3i3.  —  Temocenu-  tim- 

Midtlle  Devonian  goniatite  of  Europe.  plex.  Upper  Qevoaian  goniatite 
(After  Kayser.)  of  Europe.    (After  Kaysei.) 

Fig.  ii93),and  the  Old  Red  SandstoDcsof  Europe  (/'feru:Miyj,  Figs.  1338, 1339). 
These  fomu  ftpparently  diuppeared  at  the  end  of  Devonian  time.  With  them 
occurred  Tepieseotatives  of  the  ganoids  or  fish  whose  bodies  were  covered  with 


FlO.    1314.  —  ClyWwito    unduhta  FlC.  1335.  ~Baclriksdtgoiu(Xt). 

(X|).  Upper  Devonian  anunonoid  Upper  Devonian  strught  ammonoid 
of  Europe.     (After  Knysei.)  of  Europe.     (After  Kayser.) 

enuneled  scales,  and  of  which  modem  representatives  are  found  in  the  gar- 
pikes  and  the  sturgeons.  .The  Devonian  types  {Bohptychins,  Rg.  1340; 
Oileok^,  Fig.  1341)  are  often  beautifully  preserved.  Small  spine-bearing 
sharks  are  also  frequent  in  these  strata. 
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Fig.  1337. — Devonian  blastoids  (o-rf)  and  crinoid  (e-f).  a-b,  Codatter 
pyramidalus,  swnnvA  (XsJ),  and  lateral  view  (X  2),  Onondaga;  c-d,  Etaatrinvs 
eUgans,  natural  size,  and  one  intcr-ambulaccum  enlarged,  Hamilton; 
e-f,  Haplocrinus  die,  opposite  views  of  two  specimens  (X6},  MarceOus. 


Fic.  iiig.  —  Cainar<Krinui  (C.  safordi),  the  floating  bulb  of  a  crinoid,  side 
view  and  enlargement  of  the  area  of  stem  attachment.  The  genus  is  widely 
distributed  in  the  uppermost  Silurian  and  lowest  Devonian  in  Europe  and 
North  America. 
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Fic.    1331.  — Cryphtut    boolhi,    a 
Fig.  1330-  —  Prixlut  rovi,  &  char-      characteristic  trilobite  of  the  Hamil- 
:  trilobite  of  the  Hamilton      ton  group,  with  lobedpygidium.  Nat- 
Natural  size,  uial  size  and  pygidium  enlarged. 


Fic.    i33».  —  Homaloiutiu   dekayi,      F!0. 1333. — DalmaniUs  niisutus,Ke\- 
Hamilton.    (I.  F.)  derbergian.    (I.  F.) 
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In  the  black  mud  deposits,  formed  by  the  rivers  flowing  from  the  flat 
lands,  the  remains  of  ancient  lung  fish  (dipnoans)  and  arthrodires,  or  armored 
fishes  with  jointed  necks,  are  found,  and  it  appears  that  these  inhabited  the 


Fig.  1334. — Devonian  Ostracoda,  enlarged,  a,  IsockUina  fabacea  (XiS), 
Hamilton;  b-Cy  Bairdia  leguminoideSf  right  and  ventral  views  (X14),  Hamil- 
ton; rf,  PrimUia  sefmnulum^  left  valve  (X18),  Hamilton;  «-g,  PrinUtiopsis 
punciulifera,  young,  and  2  views  of  adult  (Xx8),  Hamilton;  A,  Moorea  hi- 
corntUa,  right  and  ventral  views  (X15),  Hamilton;  i,Sfrepula  sigmoides,  left 
valve  (X18),  Hamilton;*  J,  Strepula  platUaris^  left  valve,  interior  and  exterior, 
(X18),  Hamilton;  k,  ^hmina  marginata,  left  valve  (X14),  Hamilton.    (I.  F.) 

more  sluggish  rivers  of  the  Devonian  era.  Probably  both  these  groups  were 
able  to  breathe  air  at  times  by  means  of  a  primitive  lung-sack,  as  do  the  modem 
lung  fish  of  Australian  and  South  American  rivers  in  times  of  drought.  Char- 
acteristic types  of  Devonian  dipnoans  were  Dipterus   (Fig.  1342),  especially 


Fig.  1335.  — Conodonts  of  the  Genesee  Shale,  a,  Prioniodus  patideri  (Xio) ; 
6,  P{  ?)  alatus  ( Xs) ;  c-j,  m, »,  Polygnatus  dubius  ( X 10) ;  j,  Polygnatus  coronaius 
(Xio);  *,  P.  sciidus  (Xio);  /,  P.  crassus  (Xio);  o-p,  Prioniodus  armaius 
(Xio).      (I.  F.) 


abundant  in  the  finer  dark  mud  deposits  of  the  Old  Red  Sandstone  series  of 
Scotland  and  also  found  in  America,  while  arthrodires  are  well  represented  by 
the  great  Dinichthys  or  "terrible  fish"  of  the  Ohio  shales,  which  reached  a 
length  of  over  20  feet  (Fig.  1296). 

The  fish  fauna  of  the  Devonian  contained  no  representatives  of  the  modem 
bony  fishes  (teleosts),  but  comprised  ganoids   (about   25  per  cent),  sharks 


Fig,  1336.  —  DevoDian  phyllocarid  crustaceans,  a,  Ptphricarii  konifUaia, 
Chemung;  6,  Echinocari]  punelala,  Hamilton;  c-d,  Rhinocaris  scaphoptaa 
(c,  left  valve,  d,  both  valves)  HamQton  aiid  Ithaca;  c,  Eslkeria  memhranacea, 
enlanted,  Oneonta-Catskill  of  North  America,  OM  Red  Sandstone  of 
Europe-    (IF) 


l' 


Fto.  1337.  — Slylonurus  excdsior,  restoration  of  a  specimen  nearly  five  feet  long. 
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Fio.   IJ4I.  —  Devonian  lung  Bah  (DipnoaD),  DipUrui  PakiicUtuitsi.     Lower 
Old  Red  Sandstone,  Orkney  Islands.     Restoration ;  i  natural  size. 


Fig.  IJ43.  —  Reconstruction  of  the  skeleton  of  Coccoileus  dtcipitni,  less  than 
\  natural  ^ze.  l»wer  Devonian,  Old  Red  Sandstone,  Scotland.  (After 
Stfomer.) 


Fio.  1344. — Head-shield  of  Cepfia- 
latpis  lydli.  Lower  Old  Red  Sand- 
stone, Scotland ;  J  natural  ^ze. 


Fig.  1345.  —  Earliest  known  foot- 
print (Thinapus  arUiquui),  from  the 
Upper  Devonian  of  Pennsylvania. 
i-ii,  fully  developed  digits;  ra,  bud- 
ding third ;  TV,  possible  rudiment  of 
fourth,     (Alter  Lull.) 
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(about  30  per  cent),  tulhrodires  and  lung  fish  (about  40  per  cent),  and  ostnco- 
demis.     (See  also  Chapter  XC.) 

The  only  indication  of  the  existence  at  this  time  of  higher  [oims  of  vertebrates 
than  fish  is  found  in  a  tangie  foot-print  of  a  primitive  amphibian  {TIntupu) 
an^qmu.  Fig.  1345),  nhich  has  been  found  in  the  Upper  Devonian  strata  of 


Fig.  1347.  — DevonianPlants.    a-b,Lepida- 

Fic.     1J46. — PsUophytoH      dttidron  gaspianam,  fi\\.h  enlargement;  (,  As- 

^ince^i,  a  characteristic  De-      kropkyUitt!  laiifalia;  d,    fruit   of   the   same; 

voniao  plant  restored.   (After      r,  Cyclopkris  oblusa  (fern) ;  /,  Nttvopttris  poly- 

Dawson.)  morpha  (fern). 

western  Fennsylvaoia.  This  foot-print,  which  is  about  4  inches  long,  b  sug- 
gestive of  the  foot  form  of  an  immature  salamander  and  represents  an  early 
type  of  amphibian  with  the  foot  structure  still  in  a  primitive  stage  of  develop- 


In  the  later  Devonian  continental  deposits  we  meet,  for  the  first  time,  with 
well-preserved  land  plaatai   but  these  are  already  of  such  a  high  order  of  de- 
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velopmenl  that  we  must  assume  the  existence  of  lajid  plants  at  a  much  earlier 
time,  probably  throughout  the  Silurian  if  not  before.  The  most  cbaracter- 
btic  Devonian  plants  are  fem-like  fonns  (Fig.  1347}  and  PsUopkyton  (Fig. 
1346),  in  the  Upper  Devonian  beds,  the  trunks  and  other  remains  of  lycopods 
and  ancient  calamites  (Fig.  1347  it-d),  and  of  the  early  conifers  {Cordaitts). 
Spores  of  plants  related  to  the  modem  water-ferns  are  often  very  abundant  in 
the  black  shales  and  have  been  thought  to  be  one  of  the  chief  sources  of  their 
carbonaceous  matter.  In  some  cases  plant  accumulations  were  so  abundant 
as  to  produce  thin  coal  seams.  Such  beds  of  bituminous  coal,  up  to  3}  feet  in 
thickness,  are  found  in  the  continental  Devonian  rocks  of  Bear  Island,  north  of 
Norway. 


Fic.  1348.  —  Section  of  the  Devonian  strata  at  Eighteen  Mile  Creek,  western 
New  York.  At  the  base  of  the  section  fossiliferous  upper  Hamilton  (Wbdom) 
beds,  covered  by  the  projectmg  Slylialina  (Genundewa)  limestone,  above  which 
are  the  black  lower  Portage  shales  of  the  Upper  Devonian.  The  thin  Genun- 
dewa limestone  carries  fish  and  plant  remains  besides  conodouts,  especially  in 
its  Ipwer  portion  (conodont  layer).  Plant  remains  are  also  found  in  the 
immediate  overlying  black  shale  Oower  Portage). 


CHAPTER  XXXVI 

THB  MISSISSIPPIAN  OR  MISSISSIPPIC  STSTEM 

In  the  days  of  William  Smith  the  coal-bearing  rocks  of  Great 
Britain  were  called  the  Coal-measure  series,  and  they  were  known 
to  be  underlain  in  many  sections  by  a  great  quartz-pebble  con- 
glomerate, which,  because  of  its  extended  use  for  the  manufacture 
of  millstones,  came  to  be  designated  as  the  Millstone  Grit.  Be- 
low this  rock,  or,  in  its  absence,  below  the  coal-bearing  strata, 
was  found  either  a  series  of  shaly  and  sandy  beds  with  some  marine 
fossils  but  more  generally  with  plant-remains,  and  designated  the 
Ctdnty  or  a  great  series  of  limestones,  to  which  the  name  Carbonifer- 
ous Limestone  was  applied.  In  western  Britain  and  in  Ireland, 
where  it  often  forms  lofty  ridges,  it  was  also  called  the  Mountain 
Limestone. 

When,  in  1822,  the  name  Carboniferous  was  proposed  by 
Conybear,  these  limestones  and  equivalent  beds  came  to  be 
classed  as  the  Lower  Carboniferous  dtvisioUy  by  which  name  they 
are  still  known  in  many  European  coimtries.  In  Belgium  they 
are  especially  well  developed  and  rich  in  organic  remains,  and 
these  have  been  made  known  by  the  labors  of  the  Belgian 
geologist,  De  Koninck,  who  gave  to  the  world  a  series  of  elaborately 
illustrated  monographs  on  these  fossils  which  form  the  standard 
works  of  reference. 

In  North  America  these  pre-Coal-measure  strata  have  a  varied 
development,  as  will  be  more  fully  shown  presently,  and  to  dis- 
tinguish thent  as  a  group  the  name  Sub-Carboniferous  was  proposed 
for  them  by  Owen  (1832).  This  name  was  later  replaced  by 
Mississippian  (Winchell,  1870)  because  of  the  marked  develop- 
ment of  the  strata  in  the  Mississippi  Valley.  The  extended  study 
which  these  rocks  have  received  from  American  geologists  has 
shown  the  desirability  of  separating  them  as  a  distinct  system 
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Fig.  1349. —  Map  showing  the  outcrops  of  the  Mississippian  rocks  in  North 

America.     (After  Bailey  Willis.) 

from  the  Coal-measure  beds  or  Carboniferous  proper,  which  have 
since  become  generally  known  by  the  name  Pennsylvanian  (H.  S. 
Williams,  1891),  though  this  name  has  not  been  adopted  in  Europe, 
where  Upper  and  Lower  Carboniferous  continue  to  be  largely 
used  for  these  two  Systems. 


The  Mississippian  op  North  America 

Three  typical  sections  may  be  given  to  show  the  variations  of 
the  character  of  the  Mississippian  deposits  from  the  Mississippi 
Valley  eastward. 
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Mississippi  Valley 

Upper  Mississippian  or 
Chester  Group. 

Kaskaskia  series. 

St.  Genevieve  limestone. 
Middle  Mississippian  or 
Meramec  Group. 

St.  Louis  limestone. 

Spergen  limestone. 

Warsaw  beds. 

(Break  in  succession.) 
Lower  Mississippian  or 

OSAGE-KlNDERHOOK  GrOUP 

Keokuk  limestone. 
Burlington  limestones. 
Kinderhook  beds. 


Ohio 


(Break  in  succession.) 
Maxwell  limestone. 


(Break,  in  succession.) 


or 


Eastern  Pemnsylvanu 

Mauch  Chunk  red 
shales  and  sand- 
stones with  Green- 
brier limestone  in 
some  sections. 


Lower   Mississippian 
Waverly  Group 
.  Logan  sandstone. 
Cuyahoga      shale      and  Pocono  sandstone. 
Black  Hand  sandstones 
and  grits. 
Sunbury  shales. 
Berea  sandstone. 


The  Lower  Mississippian 

The  closing  stages  of  the  Devonian  period  were  marked  by 
the  expansion  of  the  continental  Catskill  beds  from  Appalachia 
westward  and  the  northward  spread  of  the  black  muds  by  rivers 
from  the  south,  where  the  low,  flat  country  was  covered  with  a 
layer  of  black,  partly  residual  soil,  comparable  to  the  black  earth 
or  tchemosem  of  Russia.  Overlying  these  black  shales,  we  find 
in  Ohio  and  Michigan  gray  shales  and  sandstones,  often  beautifully 
ripple-marked,  and  passing  upwards  into  red  shales  which  represent 
the  extension  of  the  red  beds  of  the  east.  These  l^eds,  known 
as  the  Bedford  shales,  contain  fossils  at  a  few  restricted  levels  and 
mark  the  final  retreat  of  the  sea  from  the  interior,  this  retreat  being 
apparently  to  the  northwest.  Then  follows  the  Berea  sandstone^ 
a  remarkable,  more  or  less  irregularly  distributed  sand,  which  is  of  * 
importance  in  that  it  contains  both  brines  and  oU,  but  is,  as  a  rule, 
devoid  of  marine  fossils.  It  forms  the  base  of  the  Mississippian 
of  this  region  and  between  the  Berea  sandstone  and  the  Bedford 
shales  there  is  sometimes  seen  an  erosion  surface  (Fig.  536,  p.  615, 
Pt.  I).  Southward  in  Kentucky  this  Berea  sandstone  is  laterally 
replaced  by  the  black  shale  (Chattanooga)^  and  an  extension  of  this 
shale,  the  Sunbmy,  covers  the  Berea  in  turn.  The  relationship  is 
shown  in  the  following  diagram  (Fig.  1350). 
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The  following  seems  to  be  a  rational  explanation  of  this  sectidn. 
In  -the  closing  stages  of  the  Devonian  the  sea  still  lingered  over 
Ohio,  Michigan,  and  parts  of  Pennsylvania,  and  into  it  were  washed 
the  black  muds  which  now  form  the  Ohio  shales.  The  southern 
shore  of  this  sea  lay  near  the  Ohio-Kentucky  line,  and  north 
of  this  the  lowlandS|Were  covered  by  the  black  earth  which  supplied 
the  muds  from  which  the  Ohio  shales  were  formed.  This  black 
mud  is  now  the  Chattanooga  black  shale  of  these  states,  and  it 
locally  carries  thin  seams  of  coaly  matter.  But  meanwhUe  the 
Catskill  delta  or  alluvial  fan  was  advancing  from  the  east,  and 
when  deposition  of  the  black  muds  had  ceased,  it  covered  them  and 
so  formed  the  Bedford  shale.  Then  this  region  remained  dry 
land  for  a  while  and  over  it  accumulated  the  fine  sands  (probably 


Fic.  1350.  —  Diagram  showing  the  relation  of  the  black  shales  to  the  other 
formations.  The  source  of  the  black  mud  is  the  land  on  the  south  from  wUch  it 
was  repeatedly  washed  into  the  sea,  mterfingering  with  elastics  derived  from 
the  east.  The  Berea,  Sunbury,  and  Chattanooga  formations  are  Lower  Mis- 
UB^pfuan,  the  others  Upper  De^oniaa.     (Original.) 

in  large  part  wind-borne)  which  now  form  the  Berea  sandstone. 
Then  the  sea  advanced  again  from  the  north  southward,  and  the 
black  muds  were  once  more  washed  into  it,  and  so  the  Sunbury 
shale  with  marine  fossils  was  formed.  From  this  relationship  it 
is  readily' seen  that  the  oil  of  the  Berea  is  the  distillation  product 
of  the  organic  matter  in  the  black  shales  in  the  south,  passing 
laterally  into  the  p>orous  sandstone  and  held  in  it  by  the  capping 
layer  of  black  shale. 

At  the  opening  of  Mississippian  time,  then,  we  find  an  interior 
sea  covering  Ohio,  Michigan,  and  the  region  westward  beyond 
the  present  Mississippi  Valley  (Fig.  1351).  This  sea  was  trans- 
gressing southward  over  a  region  covered  with  black  soil.  Some- 
times this  black  earth  was  reworked  by  the  advancing  sea,  and 
became  a  black,  fossiliferous  basal  bed.  In  other  regions  it  remained 
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practically  undisturbed  and  the  first  of  the  marine  beds  was  de- 
posited upon  it.     Whenever   the  waters  were  pure,  these  beds 
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Fig.  1351.  —  Polsogeographic  map  of  North   America  at   the  opeoing  of 
Mis^sdf^ian  time.    P.  =  Pocono  alluvial  fan.    Seas  in  black.    (Original) 

covering  the  black  muds  were  limestones ;  but  In  the  more  easterly 
portions,  where  muds  and  sands  were  washed  in  by  the  rivers  from 
Appalachia,  the  covering  beds  consist  of  terrigenous  elastics. 
A  noteworthy  fact  k  the  presence  in  some  of  the  basal  black 
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shales  (base  of  Sweetland  shales  of  Iowa)  or  in  the  beds  immediately 
above  them  and  in  the  basal  beds  of  the  Kinderhook  (Missouri) 
of  numerous  fish  teeth  which  appear  to  belong  mostly  to  one  species 
(Ptyctodus  calceolus,  Fig.  1389).  If  this  fish  was  a  river  t)^,  as 
seems  not  imlikely,  its  presence  at  this  level  seems  to  indicate 
the  effect  of  the  encroaching  sea  upon  the  river  or  estuarine 
fauna,  which  was  abruptly  exterminated.  The  presence  of  this 
form  in  Upper  Devonian  limestones  of  Iowa  has,  however,  been 
taken  as  evidence  that  these  fish  were  marine,  though  even  in  this 
case  a  secondary  inclusion  of  the  remains  of  river  types  may  have 
taken  place.  At  this  time  the  sea  appears  to  haye  been  largely 
withdrawn  from  the  central  Appalachian  trough,  though  a  part  of 
this  trough  in  Virginia  and  eastern  Tennessee  continued  to  be 
occupied  by  an  extension  of  the  interior  waters,  and  here  the  late 
Devonian  and  early  Mississippian  beds  appear  to  form  a  continuous 
depositional  series.  The  northern  end  of  the  trough  in  Nova  Scotia, 
etc.,  was  also  occupied  by  the  sea,  and  in  it  limestones  and  other 
deposits  accumulated,  but  in  the  central  region  (Pennsylvania, 
etc.),  heavy  deposits  of  clastic  material  were  accumulating  in  sub- 
aerial  deltas  or  alluvial  fans,  the  most  pronounced  of  which,  now 
represented  by  the  Pocono  sandstones,  appears  to  have  had  its 
center  of  accumulation  in  the  region  of  the  Susquehanna,  where, 
above  Harrisburg,  it  is  2cxx>  feet  or  more  in  thickness,  and  often 
consists  of  a  quartz-pebble  conglomerate.  From  this  region  it 
thins  in  all  directions  by  overlap  of  the  higher  beds  awayfrom  the 
source  of  supply,  which  was  in  Appalachia  on  the  east. 

•  Except  in  the  marginal  portions  of  the  ancient  alluvial  fan  the  Pocono  beds 
contain  practically  no  other  organic  remains  than  land  plants,  these  including 
many  trees  of  the  Lepidodendron  type  so  abundant  in  the  next  period.  On 
the  flatter  portions  of  the  alluvial  fan  swamps  were  not  uncommon,  and  in  them 
vegetable  material  accumulated,  which  to-day  is  preserved  in  the  oldest  work- 
able coal  beds  of  America,  though,  these  are  never  of  very  great  thickness. 
Where  the  beds  entered  the  sea,  however,  around  the  margins  of  the  spreading 
deposit,  they  included  some  of  the  characteristic  remains  of  the  marine  organ- 
isms of  the  period.  These  have  been  found  in  Maryland,  southwestern  Vir- 
ginia, West  Virginia,  and  in  southern  Pennsylvania. 

Similar  deposits  were  forming  at  that  time  in  the  northern  end  of  the  Appa- 
lachian geosyndine,  where  they  now  constitute  the  Borton  series  of  Nova 
Scotia,  in  which  are  sometimes  found  the  basal  parts  of  the  ancient  Lepi* 
dodendrons,  still  standing  erect  in  the  soil  where  they  grew.  These  stumps 
were  buried  in  an  upright  position  by  the  deposits  of  fine  sand  and  mud  around 
them  as  trees  are  buried  to-day  by  floods  of  Alaskan  rivers. 
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The  rivers  which  spread  these  sands  and  gravels  as  alluvial  fans 
over  the  eastern  region,  carried  the  finer  material  westward  into 
the  interior  sea,  where  it  accumulated  as  the  Cuyahoga  mariite 


Fig.   1353.  —  Exposure  of  Keokuk  limestone  (Geode  bed),  capped  by  Warsaw 
shale  oloDg  the  banks  of  the  Mississippi,  Keokuk,  Iowa. 

shales  of  Ohio,  and  Michigan  with  their  included  sandstone  beds, 
and  the  corresponding  beds  of  Indiana.  Farther  west  in  parts  of 
the  sea  not  reached  by  these  muds  (Illinois,  Iowa,  Missouri  regions), 
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limestooes  accumulated,  these  being  formed  of  the  shells  of  brachio- 
pods  and  the  stems,  plates,  and  other  parts  of  crinoids  which  grew 
in  great  abundance  in  the  ahaUow  and  probably  warm  interior 
seas  (Fig,  1352).  As  the  sea  transgressed  the  successive  divisions 
of  the  Lower  Misdssippian  progressively  overlapped  one  another 
in  a  general  southward  direction.  Thus,  while  in  Iowa  the  lower 
Kinder  hook  division  rests  directly  upon  eroded  Devonian  lime- 
stones, in  east  central  Missouri  the  middle  Kinderhook  rests 
upon  black  shale  which,  in  turn,  lies  disconformably  upon  Silurian 
or  older  strata.  Again,  in  southwestern  Missouri,  upper  Kinder- 
hook  beds  lie  upon  the  older  rock,  with  a  basal  bed  of  black  shale, 
and  in  northwest  Arkansas  the  basal  black  shale  is  followed  di- 
rectly by  beds  of  Burlington  age.  -  This  is  represented  in  the  follow- 
ing diagram  (Pig.  1353).     In  various  parts  of  Tennessee,  too,  beds 
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Fig.  TJ53. — Section  showing  the  southward  overlapping  of  the  Lower 
Hiasiasippian  strata  (Kinderhook  and  Burlington),  with  the  black  NocUEureka) 
shale  forming  a  bas&l  bed  which  rests  with  a  Uatus  upoD  the  Otdovidaii. 
(OriginaL) 

of  Burlington,  or'even  of  Keokuk  age,  follow  directly  upon  the 
basal  black  shale  (Chattanooga),  while  in  Kentucky  beds  of 
Kinderhook  age  generally  appear  as  the  first  formaUon  above  the 
black  shales. 

The  following  east-west  section  (Fig,  1354)  shows  the  general 
relationship  of  these  various  beds,  the  continental  Pocono  in  the 
east,  the  Kinderhook  beds  and  Burlington-Keokuk  limestones  in 
the  west,  and  between  them  the  Waverly  group  of  Ohio,  con»sting 
of  shales  and  sandstones  (Berea,  Sunbury,  Cuyahoga,  Logan) 
and  the  Knobstone  of  Indiana. 

The  southward  overlap  of  the  Lower  Mississippian  beds  is  found 
in  all  the  exposures  both  east  and  west  of  the  Mississippi  Valley, 
and  practically  everywhere  this  overlap  was  upon  the  black  soil 
now.  transformed  into  the  Chattanooga  shale,  which  in  turn  always 
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rests  upon  the  eroded  and  weathered  surface  of  Silurian  or  Or- 
dovician  (more  rarely  Middle  Devonian)  rocks,  and  frequently 
encloses  weathered-out  fossils  of  the  older  rocks  in  its  basal  layers. 
In  some  sections  the  weathering  of  the  older  (Ordovician)  rock 
has  gone  so  far  that  extensive  residual  acaunulations  of  the  shells 
formerly  scattered  through  these  rocks  were  formed.  In  western 
Tennessee  these  shells  (mostly  the  young  pelagic  stages  of  gastro- 
pods) were  highly  phosphatic,  and  this  concentration  has  produced 
important  beds  of  phosphate  of  lime  at  the  base  of  the  Chattanooga 
shale  (Fig.  1113,  p.  292).  Such  evidence  of  prolonged  exposure  to 
the  weather,  as  well  as  the  presence  of  the  black  earth  itself — the  an- 
cient tchemosem  which  accumulated  during  a  long  period  of  time  as 


HUS|S8II»Pl  nuMt 

HDiiMrOmo 

unuMMUM  wmim 

\f\p}^'^.m>^^ 

^^ii^^^-^ 

w*  /  /.".  •-  •-•  •■•'•' "'  '    '    '    '^"^^^^^^ 

^^^^^ 

D  •   V  V  ■ 

•   ^^^   —   ■^—    ^    —    --                                                          ^ 

Fig.  1354. — Ideal  section  from  Pennsylvania  to  the  Mississippi  Valley 
region,  showing  the  relationship  at  the  time  of  deposition  of  the  Lower  Mis- 
sissippian strata.  The  Pocono  beds  on  the  east  represent  alluvial  plain  deposits 
in  the  Appalachian  geosyndine.  In  the  west,  in  the  eastward  transgressing 
sea,  marine  limestones  and  shales  were  forming  with  a  basal  sandstone  of  sub- 
mergence.    (Original.) 


a  more  or  less  loess-like  deposit,  highly  charged  with  decaying  plant 
material — clearly  indicates  that  all  of  this  southern  region  was  ex- 
posed land  while  the  sea  occupied  the  interior  region  farther  north 
(Ohio,  Michigan  regions)  and  westward. 

Only  in  the  Mississippi  Valley  itself,  in  eastern  Arkansas  and 
western  Tennessee,  is  the  evidence  of  such  overlap  unrecognizable, 
because  there  all  the  older  rocks  are  covered  by  Cretaceous  and 
Tertiary  deposits.  It  has  sometimes  been  held  that  a  connection 
of  the  interior  sea  with  the  ocean  on  the  south  might  have  existed 
along  this  now  covered  region,  but  this  is  very  doubtful,  because 
along  the  northern  border  of  the  covered  area,  as  well  as  on  each  side 
of  it,  the  overlapping  relations  are  shown  wherever  the  older  beds 
are  exposed  to  view.  Hence  we  conclude  that  a  continuous  land 
mass  bounded  the  Mississippian  interior  sea  on  the  south,  as  it 
bounded  the  Devonian  sea,  and  that  no  direct  connection  existed 
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with  the  waters  of  the  southern  (Pacific)  sea  as  was  the  case  during 
the  Silurian  and  Ordovician.  Nor  was  there  any  connection  with 
the  Atlantic,  for  Appalachia  remained  throughout  this  period,  as 
before,  a  continuous  land  mass,  tfiis  being  clearly  shown  by  the 
character  of  the  sediments  and  by  their  overlaps. 

This  leaves  only  the  northwest  as  the  pathway  of  commimica- 
tion  between  this  interior  sea  and  other  open  waters,  for  that  some 
connection  with  oceanic  waters  existed  can  hardly  be  questioned. 
Indeed  the  connection  with  the  sea  which  occupied  the  Cordilleran 
trough  at  that  time  is  indicated  by  the  character  of  the  fauna  of 
some  of  these  beds,  notably  the  later  Kinderhook  (Chouteau 
fauna),  and  this  connection  was  across  northern  Missouri  and 
perhaps  southern  Iowa,  wlule  an  arm  of  the  interior  sea  seems  to 
have  extended  at  least  ^  far  to  the  southwest  as  New  Mexico. 
(See  Fig.  1351,  p.  442.) 

It  is  recognized  that  a  part  of  the  Kinderhook  fauna  (southern 
region)  was  derived  by  modification  from  the  Hamilton  fauna, 
while  another  part  (northern  region)  was  derived  from  the  Chemung 
fauna.  -The  Hamilton  fauna  had  its  seat  of  development  in  the 
Atlantic  Ocean,  hence  a  return  of  the  Hamilton  fauna,  though  in 
modified  form,  at  the  opening  of  the  Mississippian  would  imply 
reestablishment  of  a  connection  between  the  Atlantic  Ocean  and 
the  interior  waters.  But,  as  we  have  seen,  this  connection  could 
hardly  have  been  on  the  south,  where  the  various  members  are 
everywhere  seen  to  overlap  against  a  land  mass,  unless  it  was  by 
way  of  the  Mississippi  Valley.  This  connection  may  have  been 
in  the  north,  along  a  path  from  which  the  profound  post-Palseozoic 
erosion  has  removed  every  trace  of  these  deposits. 

Nevertheless,  it  must  be  noted  that  the  known  deposits  in  the 
northern  end  of  the  Appalachian  trough,  i,e.  in  the  Acadian  area, 
are  muds,  sandstones,  and  conglomerates,  much  of  them  probably 
of  continental  origin  although  gypsum  and  limestone  beds  occur. 
These  limestones  often  consist  wholly  of  marine  shells,  mainly  of 
species  unknown  elsewhere  either  in  America  or  Europe.  There 
is,  however,  another  interpretation  which  seems  more  in  accord 
with  the  character  and  distribution  of  the  sediments,  and  that  is 
that  the  Chouteau  fauna,  or  that  part  of  the  Kinderhook  fauna 
which  shows  Hamilton  affinities,  is  of  western  origin.  For  it  must 
be  remembered  that  there  was  also  a  western  or  Asiatic  Hamilton 
(Traverse)  fauna  which,  though  related  to  the  eastern  faima  and 
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partly  derived  from  it,  was,  nevertheless,  distinct  and,  moreover, 
per^ted  into  the  Upper  Devonian.  From  this  the  Mississq>pian 
fauna  of  the  west  may  have  heen  derived,  the  mother  fauna  re- 
peatedly sending  immigrants  into  the  interior,  where  they  soon 
underwent  profound  modification.  The  whole  prohlem  is  very 
complex  and  requires  much  more  study  than  it  has  received  so 
far.  That  portion  of  the  Kinderhook  fauna  which  was  derived 
from  the  Chemung  fauna  seems  to  indicate  a  northward  sea  con- 
nection. 

The  rich  crinoid  fauna  of  the  Burhngton  and  Keokuk  beds  ap- 
pears to  be  largely  the  product  of  rapid  evolution  in  the  interior 


Fio,  I3S5-  —  View  of  outcrop  of  Madison  limestone,  new  Chestnut,  IfpnL 
Looking  east.     (U.  S.  G.  S.) 


Lower  Mississippian  sea.  It  is  unknown  in  the  deposits  of  the 
CordHleran  trough  and,  for  that  matter,  anywhere  else.  This 
would  indicate  that  the  interior  sea  was  more  or  less  an  isolated 
province,  though  of  course  some  connection  with  oceanic  waters 
must  have  existed,  else  evidence  of  stagnant  conditions  could 
hardly  be  lacking.  Such  a  connection  is  indeed  indicated  by  the 
fact  that  the  other  fossils,  especially  the  brachiopods,  are  closely 
allied  to,  if  not  identical  with,  the  species  of  the  Mountain  Lime- 
Stone  of  Ireland,  England,  and  other  European  countries.  They 
appear  to  have  originated  in  the  interior  American  waters  and 
migrated  to  Europe,  but  the  path  of  migration  is  still  unknown. 
It  may  have  been  across  the  Arctic,  though  there  are  vast  areas 
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from  which  these  strata  are  absent,  or  it  may  have  been  by  a  north- 
west passage  across  Asia. 

In  the  CordiDeran  trough  and  its  eastward  extension  into  the 
region  which  was  later  on  raised  into  the  Rocky  Mountains,  great 
limestone  masses  {Madison  limestone,  etc.  Figs.  1355,  1356)  accu- 
mulated during  Lower  Mississippian  time,  and  these  limestones  ap- 
pear to  succeed  conformably  the  Upper  Devonian  limestones  of 
that  region,  so  that  these  beds  are  sometimes  known  by  a  single 
name  (e.g.,  Ouray  limestone  of  Colorado),  though  the  lower  part 
is- Devonian  and  the  higher  Mississippian. 

Too  little  is  still  known  of  the  faunas  and  sediments  of  the  main 
Cordilleran  basin,  but  the  thickness  of  the  formations  there  far , 
exceeds  that  of  the  widespreading  beds  of  the  interior.     Some  oi 


F  Sec  G^    in   Ri  Logon   M  h  wing 

b    Mad  so    lim  K  issi     pp  aji    res  mg  with    )^  nf  nm        pon 

Devonian  (Three  Forks  shtde  and  Jefferson  limestone),  which  in  turn  rests 
disconloimably  upon  the  Cambro-Ordovidan  Gallatin  limestone.    (V.  S.  G.  S.) 

these  dolomites  appear  to  grade  /ipward  into  the  later  Missis- 
dppian  beds,  and  their  organisms  repeatedly  entered  into  the  cen- 
tral region.  * 

The  Middle  Mississippian 

The  top  of  the  Lower  Mississippian  or  Waverlyan  series  is 
marked  everywhere  in  the  interior  by  an  ero^on  surface  which 
separates  it  from  the  next  succeeding  series.  This  indicates  that 
the  sea  again  withdrew  and  the  land  rose.  The  withdrawal  was 
either  northward  or  northwestward  or  both,  and  the  elevation  of 
the  country  is  further  indicated  by  the  extensive  development  of 
continental  sediments.  Such  deposits  appear  to  have  formed  in 
central  Arkansas  in  an  east-west  trough,  which  lay  at  the  foot  of 
a  highland  on  the  south  from  which  the  sediments  were  derived. 
In  the  central  Appalachian  trough  oxidized  sands  and  mud  were 
deposited,  these  being  now  of  a  red  color,  and  forming  the  lower 
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Mouck  Chunk  series.  Their  color  contrast  with  the  gray  Focono 
beds  indicates  a  change  towards  aridity  of  climate.  These  red 
beds  extend  west  to  Michigan,  where  they  cover  the  fossiliferous 
sandstones  which  terminate  the  Lower  Mississippian  series  (lower 
Marshall  sandstone).  In  Michigan  these  red  beds  contain  dis- 
seminated salt  crystals,  and  this  further  empha^zes  the  climatic 
change.  The  beds  were  essentially  a  salt  day,  probably  formed 
along  the  margin  of  the  retreating  sea,  and  they  were  covered  by 
sands,  partly  of  eolian  origin,  forming  the  NapoUon  sandstone 
which  is  to-day  heavUy  charged  with  brines  from  those  old  salt 
beds. 

Exposure  to  a  relatively  dry  climate  would  effect  the  destruction 
of  the  limestones  of  the  previously  deposited  series  more  by  dis- 
integration than  by  solution,  so  that  lime-sand  should  be  formed 
over  the  exposed  si 


face.  If  such  lime- 
sand  were  subjected 
to  wind  activity,  all 
the  finer  material 
would  be  heaped  up 

into  dunes  and  an 

Fio.   I3S7.  ~  Cross-bedding   of   the  eoban   type  i-          ^       .          ■ 

shown  in  the  section  of  basal  Middle  Mississippian  «>"an  structure  mi- 

'  (St.  Louis)  limestoDe,  along  the  railroad  track  south  pressed  upon  it.     If 

of  St.  Louis,  Mo.    Scale  i  inch-aJ  feet.    (From  qq^  ^  guj  jj^t  in 

PnncitUs  of  Stratigraphy.)              .  i          ^u    c     . 

\  many  places  the  first 

limestone  above  the  erosion  plane  consists  of  fine  lime-sand  with 
much  eolian  structure,  we  may  saiely  conclude  that  it  is  the  prod- 
uct of  the  partial  rearrangement  of  the  residual  Ume-sand  by 
the  readvancing  sea  without  complete  destruction  of  the  eolian 
structure. 

Such  is  the  character  of  the  Salem  or  Spergen  limestone  in  some 
sections  where  it  follows  upon  the  erosion  surface  (Fig.  1357), 
while  elsewhere  it  is  an  oolite,  and  was  deposited  as  are  modem 
oolites,  either  in  salt  lagoons  or  in  arms  of  the  readvancing  sea. 
That  this  readvance  was  from  the  northwest  is  indicated  by  the 
fact  that  the  fauna  of  the  Salem  limestone  is  also  found  in  Missis- 
sippian limestones  in  Idaho  and  northwest  Montana.  Still  another 
marginal  deposit  of  the  readvancing  sea  was  gypsum,  of. which  a 
considerable  thickness  characterizes  the  Middle  Mississippian  beds 
in  Michigan,  whUe  gypsum  and  rock  salt,  associated  with  fossilif- 
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Fig.  1358. — Palfeogeographic  map  of  North  America  in  meso-Missis- 
•ippian  (St.  Louis)  time,  showing  the  distribution  of  land  and  tea  (blacL). 
(Orif^naL) 


erous  beds,  formed  probably  in  marginal  lagoons,  characterize  the 
deposits  of  the  readvancing  sea  in  Virginia  (Saltville  region).  The 
gec^p^phy  of  this  epoch  is  shown  in  the  map  at  the  top  of  this 
page  (Fig.  1358). 
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As  transgression  of  the  sea  continued,  the  waters  of  the  interior 
again  became  normal  marine  waters,  and  a  pure  limestone,  the 
St.  Louis,  with  corals  {Lithostrotion,  Fig,  1372)  and  large  melon- 
like sea-urchins  {MeloniUs,  Fig.  1388  i),  was  formed.  Along  the 
shores  muds  were  still  deposited,  examples  of  these  being  the 
Moorefitld  shales  of  Arkansas  and  the  McGrady  formation  above 
the  salt  beds  in  Virginia. 

The   Uppef  Mississippian 

The  transgression  of  the  sea  did  not  extend  over  Ohio  and 

Pennsylvania  in  St.  Louis  time,  but  these  regions  were  submerged 

duhi^  the  continuance  of  the  transgression  in  St.  Genevieve  time, 


/^?^V. 


ir  L   ingston  Mont    showing  isocLnal  folds  and 


Fic  1358  A  — Section  near  L  ingston  Mont  showing  isocLnal  folds  and 
faulting,  with  repetit  on  of  the  outcrops  of  Madison  limestone  (Mississippian). 
S.  E.  on  left.    (U.  S.  G.  S.) 


when  the  beds  of  that  name  were  deposited  in  the  Mississippi 
Valley.  In  Ohio  these  beds  (known  as  the  MaxvUle  limestone) 
lie  disconformably  upon  the  eroded  surface  of  the  Waverly  group, 


Fig  I3s8f  — Section  o(  the  BndKct  RaiiKe  Mont  showing  the  upturned 
Madison  hmestone  and  associated  rocks  m  a  uniclinal  fold,  resting  agautst  the 
crystallines  on  the  left.     (U.  S.  G-  SO 
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and  in  southern  Pennsylvania  and  Maryland  (where  they  are  known 
as  Greenbrier  limestone),  they  lie  upon  the  red  beds  of  the  lower 
Mauch  Chunk.  In  the  southern  Virginia  region  of  the  geosyndine 
limestone  continued  to  be  deposited  until  over  3300  feet  had  ac- 
cumulated (JVnvmon  Hmeslone) ;  but  both  to  the  nortli  of  this 
region  in  Pennsylvania  and  to  the  south  of  it  in  eastern  Tennessee, 
terrigenous  deposits  again  became  characteristic  after  the .  first 
period  of  invasion.  In  Pennsylvania  these  terrigenous  deposits 
continued  to  be  oxidized  sands  and  muds  (upper  Mauch  Chunk 
red  shales),  while  in  eastern  Tennessee  and  in  Alabama  deltas 
were  being  built  from  Appalachia  into  the  sea,  as  is  shown  by  the 
fact  that  continental  sands  and  clays  in  the  more  easterly  and 
southerly  region  grade  laterally  into  marine  clays  and  limestone 
beds,  and  are  interfingered  with  them  in  more  westerly  and 
northerly  regions.  Still  farther  from  the  shore,  limestone  {Bafif 
g0r  limestone,  etc.]  takes  the  place  of  the  marine  shales:  One  of 
these  deltas  is  shown  in  Fig.  1359.  The  Price  sandstone  belongs 
to  the  Lower  Mississippian,  the  remaining  formations  to  the 
Middle  and  Upper  Mississippian.  The  "  Greenbrier"  limestone 
of  thb  southern  section  is  not  the  exact  equivalent  of  the  forma- 
tion of  the  same  name  in  Pennsylvania. 


Fig.  1359. — Ideal  section  showing  the  interpretetion  of  the  rdationdiips  of 
the  seveial  Missis^ppian  formations  in  northeastam  Virginia.  The  Pulaski 
shale  on  the  east  (black)  contains  many  sandstone  lenses,  white  and  dotted,  and 

represents  the  near-shore  end  of  an  ancient  delta-like  deposit.  The  beds  are 
very  variable  in  color  and  other  characters,  indicating  a  suba£rial  origin,  >.e. 
the  exposed  part  of  the  t'elta.  The  beds  are  aboat  jooo  feet  thick  in  the  ea*t, 
thinning  away  westward.     (Modified  after  Branson.) 

We  do  not  know  what  the  beds  which  were  deposited  at  this  time 
in  the  northern  Mississippi  Valley  region  were  like,  because  they 
were  eroded  again  before  the  deposition  of  the  Coal-measure  strata. 
But  in  the  southern  Mississippi  Valley  (southern  Illinois,  etc.) 
they  were  shales,  sandstones,  and  thin  limestones,  with  the  calca- 
reous beds  predominating  in  some  sections  (Tennessee,  northern 
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Alabama),  but  generally  passing  laterally  (eastward  and  south- 
ward) into  shales.    This  is  illustrated  by  comparing  two  sections : 

A,  B. 

MmtPHXEES    AND    NORTHERN     PaRT  SOUTHERN    PaRT    OF    BlRlONGHAlC 

OF  Birmingham  Valley,  Alabama         and  S£[ad£  Valleys,  Alabama 


FOEMATXON 

Tmoontss  in  Fbet 

FORMATIQW 

Parkwood  farnuUian 

Parkwood  formation 

Gray  shales  and  sandstones,  no 

Same  character. 

calcareous      beds  —  fossils 

very  rare. 

2000 

2000 

Pennington  shale 

Gray,  green,  and  red  shales 

with  some  chert,  sandstone, 

Floyd  shale 

conglomerate.    Very  fossil- 

Gray,  daric,  and  black  shales, 

iferous. 

60  to  300 

calcareous  at  certain  levels. 

1000 

Beds    of    sandstone    and 

Bangor  limestone 

lenses  of  limestone  occur. 

Highly  fossiliferous  limestone, 

Generally  fossiliferous. 

thick  bedded,  with  a  loo- 

foot    shale   and   sandstone 

member  in  the  middle. 

• 

700 

Port  Payne  chert 

Fort  Payne  chert 

Thin-bedded  cherty  limestone 

Same  as  farther  north. 

and  chert. 

200 

200 

Chattanooga  black  shale 

Chattanooga  black  shale 

In  Arkansas  and  Oklahoma  the  highest  Mississippian  beds  are 
dark,   often  bituminous  shales,  a   thousand  feet   thick   {Caney 


BOOTH 


WOKTB 


Fig.  1360.  —  Ideal  section  showing  the  character  and  relationships  of  the 
Mississippian  beds  of  the  Quachita  Geosyndine  in  the  southern  United  States. 
(See  section  Fig.  1003,  p.  213.)     (Original.) 

shales)  J  which  apparently  represent  the  wash  of  the  muds  from  the 
subdued  upland  which  then  lay  to  the  south  and  part  of  which 
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is   now   submerged   beneath    the   younger  coastal   plain   strata 
(Fig.  1360). 

Because  of  the  essential  unity  of  the  series  from  the  Salem  or 
Spergen  limestone  (or  the  Warsaw  shales,  when  present)  to  the 
top  of  the  Mississippian,  representing  as  they  do,  on  the  whole, 
continuous  transgression  with  some  minor  retreats  of  the  sea,  they 
have  recently  been  classed  together  as  the  Tennesseean  series, 
while  the  lower  division  is  called  the  Waverlyan  series.  It  may 
eventually  be  found  that  the  period  of  emergence  which  separates 
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Fig,  1361.  —  Carboniferous  Limestope  (Missi>s^q>iau)  resting  unmnfonnably 
on  Ludlow  (Upper  Silurian)  states,  near  Settle,  Yorltshire,  England.  (After 
Lake  and  Rastall.) 

these  two  series  was  of  sufficient  length  to  represent  most  of  the 
middle  division  of  the  Mississippian.  That  it  was  long  enough 
to  permit  a  great  change  in  faunas  is  clearly  shown  by  the 
difference  in  the  organic  remains  of  the  Waverlyan  and  Ten- 
nesseean. In  general,  then,  the  Mississippian  beds  of  North 
America  indicate  a  transgression  of  the  sea  followed  by  with- 
drawal, and  a  period  of  emergence  of  unknown  length.  This  is 
followed  by  a  second  transgression  and  closed  by  an  advance  of 
terrigenous  and  even  continental  sediments  with  accompanying 
partial  emergence. 
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The  Mississippian  or  Lower  Carboniferous  of  Eusope 

AND  Asia 

One  of  the  characteristic  features  of  the  later  PaliBOzoic  of  west- 
era  Europe  is  the  presence  of  extensive  areas  of  great  limestone  de- 
posits of  Mississippian  age,  the  so-called  Carboniferous  Limestone, 
or  Mountain  Limestone  series,  of  the  European  geologists.  These 
limestones  are  well  developed  in  Ireland  and  in  northern  England, 
where  they  sometimes  he  directly  and  unconformably  upon  the 
folded  and  eroded  older 
PalEeozoic  rocks,  and  by 
their  resistant  character 
form  great  limestone  cliffs 
or  scarps  (Figs.  1361, 
1362).  Such  is  the  moun- 
tainous face  of  the  Pen- 
nine escarpment  of  north- 
west England  which  rises 
above  the  beautiful  Vale 
of  Eden,  A  section  of 
this  is  shown  in  Fig. 
1363,  where  the  uncon- 
formable relation  at  the 
base  is  seen  and  the  suc- 
ceeding beds,  with  the 
great  intruded  Whin  Sill, 
appear  near  the  top.  In 
the  west  and  southwest 
Fic.  1362.  — Natural  arch  b  Carboniferous  of  Ireland  the  thickness 
Limestone,  Manorbier,  Pembroke,  England,  of  the  Mountain  Lime- 
(British   Geol.  Surv.  photo.    From  Lake  and     ^,  „   i,..^»~,~_;_   — 

1       ,l .  "^  Stone  reaches  a  maximum . 

of  3600  feet.  In  northern 
France  and  Belgium,  too,  these  limestones  are  well  developed,  and 
their  organic  remains  have  become  well  itnown  through  the  labors 
of  the  Belgian  paleontologists. 

Following  as  they  do  upon  the  Old  Red  Sandstone  (Fig.  1364), 
a  continental  formation,  or,  in  the  absence  of  that  rock,  resting  upon 
the  eroded  surfaces  of  older  formations,  it  is  evident,  that  these 
limestones  indicate  a  profound  transgression  of  the  sea  at  the  open- 
ing of  Mississippian  time,  the  transgression  being,  in  general,  from 
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the  east  westward.  In  a  few  localities,  however,  as  in  Belgium  and 
in  the  north  of  France,  this  "  Calcaire  carboniffere,"  as  it  is  called, 
and  which  in  the  region  of  the  Meuse  has  a  thickness  of  760  meters, 
rests  upon  and  passes  downward  into  marine  Devonian  strata, 
showing  that  the  sea  covered  this  region  continuously  from 
Devonian  into  Mississippian  time.    Overlying  these  limestones  lie 


Fio.  1363.  —  Section  of  the  Cross  Fell  in  northwestern  England,  to  show  the 
relationsbip  of  the  Mississippian  strata  (Carboniferous  Limestone)  (o  the  older . 
and  younger  beds,  a,  Silurian  and  Ordovician;  b.  Flags  and  Sandstones.  Quartz 
cxinglotnerates,  Basement  coDglomerates,  the  last  in  hollows  in  the  floor  of 
older  rock ;  c,  Melmerby  Scar  Limestone ;  li,  Voredale  Series  (shales,  sandstones, 
limestones);  e,  Millstone  Grit  (Upper  Cartioniferous);  /,  Trias;  «,  Whin  Sill 
(intrusive).    (After  Lake  and  Rastall.) 

shales  and  sandstones  with  coal  seams,  indicating  a  return  toward 
continental  conditions  after  the  first  great  advance  of  the  sea. 

These  great  limestone  deposits  probably  represent  the  greater 
part,  if  not  the  whole,  of  Mississippian  time,  though  it  is  not 
improbable  that  a  break  may  yet  be  found  near  the  middle  of  the 
series  indicating  a  partial  retreat  and  readvance  of  the  sea  as  was 
the  case  in  North  America. 


Chefim  Hills 


NcrtkmiUierlatid 


Fic  1364  — Generslsectionof  the  Cheviot  Hills  m  the  west  of  Northumber 
land  England  (After  J  G  Goodchild )  a  SUunan  b  Lower  Old  Red 
Sandstone,  e.  Upper  Old  Red  Sandstone,  c',  intrusive  sheet,  d,  c,  Missis- 
sippian: d,  lower  Dinantian;  e,  upper  Dinantian.  (For  subdivisions  of 
Mis^ssippian  see  table  on  p.  460.) 

That  this  sea,  in  which  the  Carboniferous  limestones  were  accumu- 
lating, was  limited  in  extent  is  shown  by  the  fact  that  both  north- 
ward and  southward  these  deposits  grade  into  shore,  shallow  water, 
and  even  continental  sediments.  Thus  in  Scotland  the  deposits 
of  this  time  were  water-limes,  that  is,  fine  clastic  Ume  sediments 
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with  a  considerable  proportion  of  alumina  and  some  silica,  so  that 
the  rock  in  places  is  known  as  the  Calciferous  Sandstone.^  Such 
rock,  we  beUeve,  is  chiefly  formed  from  fine  river  sediments, 
,  which  were  derived  from  the  erosion  of  older  calcareous  beds 
within  the  drainage  area  of  these  rivers,  the  land  being  sufficiently 
near  to  base-level  to  furnish  only  very  fine  muds.  It  is  recognized 
that  this  limestone  is  in  part,  at  least,  a  fresh-water  deposit ;  but 
it  is  succeeded  by  other  limestones,  some  of  which  are  marine,  but 
among  which  important  coal-seams  are  also  found.  These  seams 
indicate  repeated  terrestrial  conditions.  The  higher  limestones 
of  Scotland  represent  only  the  upper  part  of  the  Carboniferous 
Limestone  series  of  England,  for  the  lower  part  of  that  formation 
is  represented  in  Scotland  by  the  Calciferous  Sandstone  series. 
'  One  of  the  marked  features  of  these  deposits  in  Scotland  is  the 
great  number  of  volcanic  eruptions  associated  with  them  (Fig.  1365). 


Fig.  1365.  —  Cross  section  of  the  volcano  of  the  Saline  Hills,  Fife,  Scotland. 
(After  A.  Geikie.)  C,  Carbonic;  /3,  basalt;  t,  ejectamenta ;  t\  ejectamenta 
at  a  distance  from  the  cone,  interstratified  with  the  Carbonic  deposits.  (From 
Haug.) 

These  eruptions  began  at  the  end  of  Old  Red  Sandstone  time  and 
ceased  before  the, deposition  of  the  Coal-measures.  At  first,  while 
the  Calciferous  sand-rock  was  being  formed,  great  masses,  chiefly  of 
andesitic  lava,  welled  up  quietly  and  spread  as  huge  sheets  over 
the  surface,  and  from  these  lava  caps  erosion  has  subsequently 
carved  plateaus.  During  the  later  part  of  the  Mississippian 
period,  basic  lavas  were  erupted  and  volcanoes  of  the  Puy  type 
were  formed  (p.  165,  Pt.  I),  many  of  them  of  fragmental  (pyroclastic) 
material.  The  lavas  as  now  seen  in  the  coast  sections  often  rest 
upon  limestone  beds  which  contain  marine  fossils.  They  are 
succeeded  by  ancient  soil  beds  and  sands  in  which  the  root-stocks 
(SHgmaria)  of  the  old  lycopodiaceous  trees  are  preserved.  Then 
follow  one  or  several  seams  of  coal;   above  these  lie  brackish- 

*  This  must  not  be  confounded  with  the  old  "Calciferous  Sandstone"  of  America, 
which  is  of  Ordovician  (Beekmantown)  age.  The  name  is  a  Uthologic  one,  and  has 
DO  real  stratigraphic  meaning,  although  it  has  also  been  used  as  a  stratigraphic  term. 
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water,  and  later  marine,  fossiliferous  shales,  and  finally  limestones. 
They  are  again  succeeded  by  a  basaltic  lava  and  the  series  is  once 
more  repeated. 

These  volcanic  manifestations  extended  into  northern  England, 
as  shown  by  the  occurrence  of  many  dikes  and,  above  all,  by  the 


Fio.  1366.  —  Ideal  sectioa  showing  the  relationships,  lateral  changes  in  char* 
scter  and  overlaps  of  the  Mississippian  strata  of  Britab.     (Original.) 

great  Whin  Sill  which  is  intruded  in  the  upper  shales  and  sandstones 
of'the  series  (Xortdidt  beds).  In  Ireland,  which  is  largely  covered 
by  Lower  Carboniferous  (Mississippian)  rocks,  volcanic  activity 
is  limited  to  a  few  regions  (Limerick,  etc.). 


Fio.  1367.  —  Dinantian  (MissisMppian)  limestones  exposed  on  the  banks  of 
the  Meuse  at  Dinant,  Belgium  ;  the  type-locality.    (After  Haug.) 

The  English  Mountain  Limestone  admits  generally  of  a  five- 
fold division,  each  member  being  characterized  by  corals  or  brachio- 
pods  which  are  restricted  to  it  and  by  the  presence  of  which  it  can 
be  recognized  again  in  other  localities.    In  some  sections,  as  in 
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North  Wales,  the  fifth  and  a  part  of  the  fourth  zone  from  the  bottom 
are  alone  present,  resting  on  the  older  rocks.  This  shows  that 
during  the  deposition  of  the  earlier  divisions  or  zones  of  the  Missis- 
sippian series,  those  regions  were  dry  land,  and  that  the  higher 
divisions  overlap  the  lower.  Hence  a  transgression  of  the  Missis- 
sippian (Carboniferous  Limestone)  sea  is  indicated  (Fig.  1366). 
In  Belgium  the  limestones  are  well  shown  in  the  picturesque  cliffs 
which  border  the  Meuse  at  Dinant,  and  from  this  occurrence  the 
entire  system  has  become  known  as  the  Diaantian  (Fig.  1367). 
Here  it  admits  of  the  following  threefold  subdivision. 


3.    upper    Dinantutn    or    Vist   division 

Zone      of       Productus      gitanUui 

(Vis*an). 

(Fig.   136S  a),  and  Chimtles  papi- 

(Includes  Ihe  two  upper  English  zones.) 

tionacea. 

(Toumaisian). 

1369  0). 

(Includes  lower  three  English  zones.) 

1.    Lower  Dinanlian  OT  Elraiingl  divisian 

(EtrcEungtian). 

Spirifir  dislans,  etc. 

Conformable  succession,  Devonian  lime- 

stones, etc. 

These  formations  are  folded  and  faulted  and  have  suffered  much 
erosion. 

In  central  France  the  lower  divisions  are  absent  but  the  higher 
with  Productus  giganteus  overlap  them,  extending  as  far  south  as 
Montpelier,    Thb,  therefore,  shows  a  transgressing  sea. 

From  Belgium  and  northern 
France  the  Mississippian  series 
is  traced  into  central  and 
southern  Russia,  into  the  east- 
em  Alps  and  into  the  Ural 
Mountains.  In  most  cases 
the  series  begins  with  marine 
deposits,  then  follow  conti- 
nental beds  with  coal,  and 
finally  marine  beds  succeed 
again.  Interpreted, thismeans 
an  advance  of  the  sea,  followed 
by  a  retreat,  a  period  of  ex- 
posure and  continental  sedi- 


13680.^ — Producliis  giganteus,  01 
ze.     Dinantion  (Missi 
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mentation,  and  the  formation 
of  coal  swamps,  and  then  by 
a  period  of  renewed  transgres- 
sion. Thus  the  conditions 
were  similar  to  those  of  North 
America  where,  however,  the 
period  of  retreat  was  followed 
by  erosion, instead  of  the  ac- 
cumulation of  vegetable  ma- 
terial, as  in  Europe. 

The  shore  facies  in  northern 
Europe  b  mostly  a  series 
of  sandstones,  conglomerates, 
and  shales  with  plant  remains,  alternating  with  beds  containing 
shallow-water  marine  faunas,  and  thus  indicating  backward  and 
forward  movement  of  the  seashore.  Such  deposits  are  generally 
designated  by  the  name  Ctdm.  A  remarkable  occurrence  in  this 
series  is  seen  in  beds  rich  in  Radio- 
laria,  which  are  suggestive  of  a  deep- 
water  origin  for  the  formations, 
whereas  the  character  and  mode  of 
occurrence  of  the  other  fossils,  es- 
pecially the  plants,  indicate  shallow 


Spirifer  loma- 


water.  These  radiolarian  beds  have 


,  Dinantian  (Missisupinaii).   therefore  been  interpreted  as  formed 
(Kayser.)  in  lagoons  from  the  pelagic  organisms 

swept  in  by  the  current^  and  from  others  which  lived  there.  The 
upper  division  of  the  Culm  beds  is  characterized  by  the  widespread 
occurrence  of  the  flat  pelecypod  shell  Posidonia  btcheri  (Fig.  1370), 
The  Culm  type  is  found  far 
to  the  north  in  Spilzbergen, 
Throughout  southern  Eu- 
rope, on  the  other  hand,  the 
Mississippian  b  represented 
by  limestones  with  fossils 
similar  to  those  of  western 
Europe,  especially  the  very 
characteristic  brachiopod 
Productus  giganteus  (Fig. 
1368  a).  These  beds  can  be   ports. 


Flu.  liOv*-  —  Spirif-r sir iai us, a Diaantian 
(Mississippian)  brachiopod  with  shell  partly 
broken   to  show  internal   spiral   arm  sup- 
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traced  south  to  Sarajevo  in  the  Balkans,  and  through  Asia  Minor, 
Persia,  and  the  Kirgiz  steppe,  through  central  Asia  north  of  the 
Tian-Shan  Mountains,  through  North 
China,  and  so  on  into  the  western  part 
of  the  CordiUeran  trough  of  North 
America,  where  the  same  Productus 
pgantetts  is  found.  These  deposits, 
too,  contain,  locally,  beds  of  workable 
coal,  such  an  occurrence  being  espe- 
daUy   known    from    the   province    of 

^  '„'.,.      Shantung  in  China.    The  old  Siberian 

Fic.  1370.  —  Postdonta  .        .  ,  .  ,       ,  .       t,  , 

btektri.  AcharacteriBacCulm  i»sm,  in  which  the  early  Paleozoic 
(Mi^asippkn)  pdecypod  of  strata  were  deposited,  remained  a  land 
Europe  One-half  natural  ,^,^35;  the  sea,  in  which  the  younger 
sat.    (Kayser.)  r.  1  ■      .     .  ,         .     , 

PalKozoic    beds   were    deposited,    ex- 
tended to  the  south  of  the  mountains  which  bounded  that  basin. 

Southern  Continents 
Very  little  is  as  yet  known  of  the  Mississippian  of  the  southern 
continents.  Limestones  of  this  period  have  been  described  from 
Chile  (32°  S.  lat.),  while  east  of  this,  in  Argentine,  coal-bearing  sand- 
stones with  the  Culm  flora  have  been  found.  This  seems  to  indicate 
the  existence  of  the  Andean  geosyncline  along  the  Pacific  coast. 
Such  Culm  deposits  also  occur  in  Queensland,  New  South  Wales, 
and  in  Victoria  in  Australia,  and  apparently  also  in  South  Africa. 

Surnmary 
In  general,  then,  we  find  that  a  transgression  of  the  sea  marked 
the  opening  of   Mississippian   time  in   Europe,  as  in  America 
(Etrceungt  stage).     Then  followed  a  re- 
treat over  wide  areas,  but  not  everywhere, 
when   sands,  clays,   and   coal-beds  were 
deposited  in  Europe  (Toumai  stage),  while 
erosion  was  going  on  in  North  America. 

Then  came  the  most  extensive  advance  p,,.  liji.—Endolhyra 
of  the  sea  in  Upper  Mississippian  time  baikyi,  a  MissUsippum 
(Vis^  stage),  when  the  waters  covered  foraminiler,  much  en- 
^  •  *       V  J   u  f  J     Wed.    Indiana.      I.  F.) 

many  regions  not  submerged  before  and 

extended  as  a  continuous  Mediterranean  Sea  across  southern 
Europe,   central   Asia,   North   China,  and  into  western   North 


urope,  as  m  Amenca 
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America,  so  that  the  characteristic  Productus  pgdnUus  fauna  could 
become  of  almost  world-wide  distribution. 

Genekal  Character  of  the  Mississippian  Fauna  and  Flora 
Anituals,  —  The  American  Mississippian  still  carries  Devonian  elements  in 
botl)  the  lower  and  middle  divisions,  whereas  in  Europe  the  Devonian  elemetits 
ue  most  maited  in  the  bwei  division. 


^0 


Fro.    1373.  —  Lilkaslrolion    basalli-  Fic.      1374.  —  Michrtinia     favosa. 

forme.    Carboniferous  limestone  (Mis-       Carboniferous    limestone    (Mississip- 
ua^ppian)  of  Europe.     (Kayser.)  plan.)     (Kayscr.) 


Fig.  1 J 75-  —  Arck  medti  worthtH  Mississ  ppiao  (Warsaw  diviuon). 


Fig.  1376.  —  Mississippian  Bryozoa  a-c,  Baloslomdla  spinulosa  X  ),  and 
vertical  and  tangential  sections,  and  surface,  greatl>  enlarged,  if,  FenesUUa 
catriensis,  celluliTerous  face,  X4J  ,  e,  /,  Hemitrvpa  preuiana,  opposite  sides  of 
frond,  X  4)  (keokuk,  A\arsaw,  and  St  I.OUIS) ,  g,  Archimedts  communu,  X  J, 
h,  Thamniscui furcillalus,  Xg ;  t,  Ptnimtopora  conjerla,  Xii ;  j,  Plilapora  cytin- 
dracca,  X4i;  k-m,  Rhombapora  temiiTama,  X6,and  Xn  {k,m,);  H,o,Strrble- 
fry/o  n/fit/rsi.  surface  a,nd  section,  Xq;  p,Cosd»iumIatum,  Xi;  g,  r,  Evaclitio- 
pora  radialii,  lateral  and  l>asal  views,  X } ;  s,E.  pandis,  X ) ;  (,  n.  Wortkmopora 
spinosa,  ftaKmenl  sliowinj;  spines,  X4j,  and  j)ortiun  of  same  X14,  Cheater 
sj)ccies,  a—c,  d,  g,  h,  k-m,  n,  0  ;  Hurlington  sptcies,  p,  s  ;  Keoltuk  species,  i,  j, 
q,  r,  I,  u.     (All  from  I.  ¥.) 
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Protozoa  are  represenled  by  a  few  large  types,  s 
rock-formers  (Endothyra,  Fig.  i37i(.  Graptolites 
pons,  while  occuiriog  and  even  forming  reefs,  as  ii 


ic  of  which  are  important 
■e  absent  and  stTomato- 
ktgium,  are  on  the  whole 


Fic.  1377.  —  Mississippian  brachiopods.  a,  Syringolhyris  Uxto,  cardinal 
view;  h,  internal  mold  (W,) ;  c-d,  Atkyris  lameOesa  (W.) ;  e,  Sfiriftr  ktokuk 
,  (W.);  f,  S.cuHlfmtatus  {VJ.).  g.  S.logani  {\W.):  h,  S.leidyHSt.h.);  i-j  .Ckoneiel 
Mtrora  with  enlargement  of  surface  (W.) ;  k-l,  Productella  arcuata  (W.);  m-o, 
Froduelus  biserioiiu  (W.);  p-g.  Praduclia  barlinglonensis  (W.);  r-l,  Schu- 
cherldla  crenistria  witir  enlargement  of  surface  (in  outline)  (W.);  u,  RMpi- 
domdUi  imchiiini  (W.);  v-ti',  Seminula  trinuclem  (St.  L.).  (W  ^  Waver- 
lyau;  St.L.  =  St.  Louis.) 

on  the  decline.  Corals,  too,  are  no  longer  so  marked  an  element  of  the  fauna, 
though  zaphrentoid  types  still  occur  (Coninia,  HapsipkyUum,  etc.).  The  com- 
pound corals  are  now  chiefly  represented  by  Lilkostrotion  (Figs,  1371,  1373), 
characterised  by  a  median  columella-like  projection  in  each  calyx.     Pavosiles 
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Fio  1379  — Mississippianpelecypods.  a-b,Spfienoliuaolus,iif^tvalvtijaA 
dorsal  view  (Waverly) ;  c-d,  Crauptcten  wincMU,  left  valve  and  upper  portion 
enlarged  (W»verly), 


Fio.  1380.  —  Missis^pinan  gastropods,     a    Siraparallus  fiamspwa 

(St.  L.);  b,  Straparailui  spergenensii,  3  views  (St  L  )  c  Euomfhalus  simiiu 
3  views  (St.  L.) ;  d,  BtUerophon  sublavis,  i  views  (St  L  and  Ch  )  t  B  {Bvca 
nopsis)  ItxiUis,  2  views  (St.  L.);  /,  NalKOpsis  ikzoc  (Ch)  g  Lepdopstt 
leveUti  (St.  L.);  k,  Pleurotomttria  IMeurloma)  mustssippteniis  (W  )  1  Liao- 
nema  yandetlano.  I  views  (St.  L.);  j,  Euomphalus  fHantdorsatus  1  views 
(Ch.);  *,  PorcMia  crassinoda.  3  views  (Xi)  (W)  (W  -  Waverly«n  St 
L.  -  St.  Louis,  Ch.  =  Chester.) 
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Fio.  1381.  —  Endttebia  speclabilis,  a  characteristic  Mississippian  nsutilmd. 
(Cheater  group.)     (I.  F.). 


ryrrr^ifS 


Fic.  1383.  —  Mississippian  gontatites  andceratite.  a-t,  AganuUs  rolaloriui, 
internal  moid  o[  shell  X),  and  suture  enlarged  (Kinderhook  and  Waverly); 
rf-e,  ttutnsieroriras  oatni,  internal  mold  of  shell  Xj  (Kinderhook);  f-i,  Conia- 
lUes  sirialus,  internal  mold  wilh  part  of  the  shell  preserved,  X),  and  extemal 
(A)  and  internal  (t)  parts  of  ihe  suture,  enlarged  (St.  Louis  and  Chester); 
j-k,  Prodrmiilcs  gorbyi,  internal  mold,  showing  the  ceratitic  suture,  X) 
(Kinderbook-Chouteau  limestone).    (I.  F.) 
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is  absent,  but  a  Urf!er-tubed  form  {MicMinia,  Fig.  1374)  occurs.  Bryotoa  aiC 
common,  chief  among  them  being  the  fenestelloid  types,  with  strong  spirally- 
twisted  axis,  which  is  often  the  only  part  preserved  intact  iArchimedes,  Fig. 
1J75).  Among  the  br&chlopoda,  spiri(eis  still  occur,  but  they  have  their' 
median  fold  and  depression  often  plicated  (tigs.  1369a, b),  or  the  shell-sub- 
stances marked  by  punctations  (Spinftrina).    A  very  cbaiacteristk  ^Hriferud 


Fig.    1383.  —  PlnUipsia   [Brackymdopus)   lodiensis,  a   typical  Mississippian 
trilobite  (Waverlyan).     (I.  F.)- 

is  the  genus  Syringothyri:  with  a  slit  tube  on  the  inside  of  the  beak  of  the 
pedicle  valve  (Fig.  137;  a,  b).  Smooth  elongate  shelltt,  some  with  spiral 
arm  supports  {AAyris,  Fig-  Ji77C,ilj,  others  with  simple  loop-like  supports 
(Didasmo,  Fig.  1378),  are  characteristic.  But  by  far  the  most  typical  brachio- 
pod  i9  Producius,  which  has  an  extremely  convex  and  extended  or'"  produced  " 


i-Z^^<I!!^ 


Fig.  1384.  —  Characteristic  Mississippian  ostracods.  a,  Ctcn(Mbiita  Jacu- 
lata,  right  exterior  and  left  interior  of  valves,  X14  (Kinderhook) ;  6,  Bey- 
rkhicUa  conjluens.  left  valve,  X14  (Chester  shales);  c,  Kirkbya  coitala,  Xio 
(Warsaw  of  Illinois,  "  Lower  Cartranifcrous  limestone"  ol  England) ;  d,  Cypri- 
diiia  heruti,  left  valve,  Xio  (Keokuk);  t.  Bairiia  calricnsis,  left,  right,  and  • 
dorsal  views,  X14  (Chester  shale);  /-A,  Cvtkerclla  maii/crmis  (Chester). 
(I.  F.) 

pedicle  valve  and  a  shallower,  concave  brachial  valve,  while  the  surface  b  often 
spinose  (Figs.  1368a, i,  1377 k-q).  The  orlhis  group  has  almost  disappeared. 
Pelecypods  are  common  and  of  considerable  variety  (Fig.  1379),  while 
gastropoda  arc  largely  represented  by  the  Bdlcropkon  type  (Fig.  1380).  The 
group  of  cephalopods  includes  chiefly  nautiloids  (Fig.  ijSi)  and  goniatites  (Fig. 
1382),  but  some  ammonitic  types  already  make  their  appearance.     TrilobHev 
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begin  lo  be  rare,  being  restricted  chiefly  to  the  genus  Phiilipsia  and  related  genen 
(Fig.  tj83l.  Ostracods,  on  the  other  hand,  are  abundant  iFif;.  13S4).  Cri- 
DOids  are  found  in  great  numbers,  thc-numerous  species  showing  an  increase  in 
lome  cases  from  delicate  fonas  in  the  lower  to  robust  types  in  the  upper  beds 
(Figs.  1385,  13S6).  Btaatoids  for  the  first  time  become  abundant  and  impor- 
tAOt,  especially  in  some  of  the  higher  dividons,  where  the  genus  PeHlremtia 


Fic.  t JS5.  —  Mississippian  crinoids.  a,  Symbathtxrinia  robiului,  Xf 
(Keolcuk);  b,  Barycrinus  hmityi,  Xi  (Keokuk);  c,  Woodocrinu!  aqualis,  XI 
(Keokuk);    rf,   Agasiizocrinus    dailylijorma.    Xj    (Chester);    e,   Platycrinus 

haili,  with  top  and  side  views  of  arm  fragment  W,  t"),   X)  (Burlington); 

/,  Megisbxrinus  nobilis,  Xi  ( K  inderhook) ;  g,  Eulrachocrinui  chrislyi,  X) 
(Burlington);  h,DicygocTinus ttKonta,  X]  (Keokuk);  i,  Lobocrinus  pyri/ormis, 
X)   (Burlington);   j,    Lobacrinvs    nasktritla,    X)    (Keokuk);    k,   TaxDcritua 

communis,  XJ  (Waveriy);  l,Ony(lixrinus  ercn/fiui,  XI  (Keokuk);  m,  For- 

btWKrinut  Kortheni,   X)   (Keokuk.)     (I.  F.) 
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Fig.  1386.  —  Mis^Bsippian crinoids.  a,Hdysixfinusbradltyi,  Xi (Keokuk); 
b.Scaphiocrinuicriiuus,>Ci  (Waverly) ;  c,Decodocrinus pUias,  Xi  [Waverly); 
d,  Scylalocrinus  robuslus,  Xi  (Keokuk);  e,  PlaiycHnus  butlinttontiui!,  Xil, 
with  two  views  of  arm  fragment  still  further  enlarged  (Burlington) ;  /.  Di- 
chacrinus  iitornalus,  X  i  (Kinderhook) ;  g,  h,  CactocHnus  proboscidialis,  broken 
calyx  showing  the  interior,  and  ambulacral  grooves  enlarged  (Burlington); 
i,  Sttganocrinui  scuiplus,  Xi  (Burlington);  j,  Macrxriiws  terMuUiantu, 
without  arms,  Xi  (Burlington);   k,  Taxocriaus  Ikkmii,  Xi.     (I-  F.) 
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predominates  (Fig.  13S7  g-i).  Other  types  also  occur  (Fig.  f38G  d-f).  EcU- 
nolds  are  found,  but  they  are  mainly  spherical  masses  with  more  than  two  (often 
many)  columns  in  each  area  (Uthniles,  Fig.  13SS).  Fish  remains  (chicdy 
teeth,  Fig.  ijSg)  also  occur  in  some  horizons  but  they  are  probably  of  types 
which  were  mainly  inhabitants  of  the  rivers.  The  most  mariied  advance  in  life  b 
shown  in  the  presence  of  land  vertebrates,  whose  foot-prints  are  found  in  the 
continental  strata,  especially  those  of  the  Mauch  Chunk  formation  of  North 
America.  These  belonged  to  amphibians,  and  her^ded  the  culminating 
event  in  Paleozoic  life  history,  the  advent  of  the  land-life  from  its  ancestors 


Fig.  1387.  —Mississippian  blastoids.  a,  Orophocrinia  Odl^ormif,  »de  and 
stem  views,  XI;  b,  summit  view  of  same  enlarged,  showing  ambuUcial  furrows 
(am),  oral  vault  (v),  spiracles  (i),  and  anal  aperture  (an)  (Burlington); 
<-/,  Tricftiocnnus  ■woodmani,  side,  basal,  and  summit  views,  XI,  and  anal 
portion  if),  XU  (Warsaw);  g,  h,  Pentremites  ckngalus,  slender  and  robust 
forms  (Burlington) ;  i,  PenlrtmiUs  conoideui  (Keokuk,  Warsaw,  and  St.  Louis) ; 
j-k,  GraKaUKrimu  Honnoodt,  j,  outline,  k,  central  part  of  the  summit  enlarged 
(Buriington);  /, Cfy^loUiMliu ffwfo, summit,  Xi) (Burlington).  (I.F.;  seealso 
Figs.  949-95'.  PP-  IS8.  1S9-) 

in  the  waters.    This  was  the  beginning  of  the  population  of  the  lands  by  th- 
breathing  animals. 

Fknts.  —  Land  plants  of  highly  developed  types,  but  bebnging  mainly  to 
the  calamitea  and  lycopods  as  well  as  fern-like  types,  are  common  in  the  ter- 
restrial depoMts  of  the  MisMssippian  in  both  hemispheres.  Characteristic 
American  forms  are  Sphmapkrii  (Fig.  ijgoa)  and  Archaafkris  (Fig.  ijqoA), 
while  the  Culm  of  Europe  contains  Asltrocaiamiles  (Fig.  1390c),  and  Ltpido- 
dendnm  and  the  ferns  Sphenopietidium  (Fig.  ligod),  and  Cardiopttris  (Fig, 
I39oe).  These  ferns  are  all  closely  reUted  to  the  types  which  became  dominant 
in  Peunsylvanian  time. 


The  Hississippian  System 


Fic  1388  —  Mississippian  echmoids  Outline  drawings  to  show  the  u- 
rangements  of  plates  by  which  they  axe  distinguished  (For  general  appeai- 
ance  see  Fig.  961,  p.  165.)  a,  b,  Archatxtdans  shumardtana,  spme  (a)  and  two 
views  of  a  plate  (i),  Xt)  (Kediuk  and  Warsaw) ;  c,  Arckaocidaris  worlkaU, 
restoration  o(  ventral  surface  {a,  b,  mnbulacral,  c-f,  interambulacral  plates) 
(St.  Louis);  d,  spines  (large  and  small)  and  plate  with  spine-boss,  of  the  same; 
e,  Rkoickinus  graeilis,  a  partial  internal  mold,  showing  order  of  appearance  of 
interambulacral  plates  (Burlington);  /,  JUoarMnui  tlegani,  ambulacrum  en- 
larged; t,  (Higoporta  dana,  ambulacral  area,  showing  two  partial  additional 
columns  of  plates;  h,  spines  of  same,  X3  (Keokuk) ;  i,  MdoniUs  muUipona, 
a  part  of  the  corona  from  oral  or  ventral  end,  showing  arrangement  of  plates; 
i,  spines  of  same,  X3  (St.  Louis,  see  Fig.  g6i) ;  k,  Lepidtckinus  raritpinia,  oral 
aspect,  showing  single  interambukcnim  bcreasing  to  eight  (Waverly). 
(CbieBy  after  Jackson,  from  Itidex  FossUs.) 
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Fic.  1389.  —  Plyclodus  calceelas,  teeth  of  a  fish,  abundantly  preserved  in  the 
Lower  Missis^ppian  strata  of  North  America,  a,  crown ;  b,  mk  view ;  c,  pro- 
file section;  d,  magnified  portion  of  triturating  surface. 


Fio.  1390  a.  —  An  American  Misaisuppian  fern  {Sphtnofltris  IridaetyUles). 
(After  Lesquemu.) 


Fig.   1390  b.  —  An  American  Mtssissippian  fem  Arrluecfiltrit  miner,  Mauch 
Chunk.    (After  Le»queieuz.) 
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Fio.    1390  <:■  —  Af  -„  .-. 

terecolainiUt  screbkti-                             '  "'-  —'  Fig.  1390  c 

loiKi,  from  Culm  of         Fig.  ijgoi. — A  Mississippian  CariioptaU  pdy- 

vestern    Europe;  itjo,  SplienopUri^um  Htsectum.  morpha,  Culm  of 

(Eayser.)  Culm  of  Europe    (Esyser.)  Europe.  (Kaysei.) 


CHAPTER  XXXVn 

THE  FENNSTLVANIAN  OR  CARBONIC  SYSTEM 

The  tendency  in  the  events  which  stands  out  most  prominently 
as  we  review  the  Palaeozoic  history  of  the  earth,  especially  that  of 
the  northern  hemispheres,  is  the  progressive  change  from  wide- 
spread inundations  by  the  sea  through  a  series  of  oscillations  to 
more  and  more  extensive  emergence  of  the  lands  and  contraction 
of  the  interior  seas.  This  is  most  marked  in  eastern  North  America 
and  in  western  Europe,  where  continental  sediments  became  more 
prominent  as  Palaeozoic  time  advanced.  Appalachia  and  the 
western  European  continents  were  continually  rising,  and  the  sedi- 
ments brought  from  them  were  spreading  farther  and  farther  over 
the  lands.  With  the  increase  in  land,  plant  life  spread  far  and  wide 
and  extensive  coal  swamps  came  into  existence.  These  were 
heralded  during  the  Devonian,  became  more  pronounced  in  the 
Mississippian,  and  culminated  in  the  Pennsylvanian,  which  was 
probably  the  greatest  coal-forming  period  the  world  has  ever  seen. 
In  eastern  North  Amerioa  these  conditions  continued  into  Permian 
time,  and  the  whole  series  of  changes  terminated  in  a  colossal 
deformation  of  the  strata  which  had  accumulated  up  to  this  period. 
This  was  the  birth  of  the  Appalachian  Moimtains  in  the  east 
and  of  the  Palaeo-Cordilleran  Mountains  in  the  west.  In  western 
Europe  the  mountain-making  disturbances  began  towards  the 
close  of  the  Mississippian  and  continued  more  or  less  through  the 
Pennsylvanian,  while  the  Permian  was  a  period  of  partial  read- 
justment and  of  widespread  development  of  arid  conditions  with 
salt  deposition.  Somewhat  similar  climatic  conditions  also  ex- 
isted in  western  North  America.  In  the  present  southern  hemi- 
sphere we  meet  with  the  extensive  development  of  glacial  con- 
ditions toward  the  close  of  the  Palaeozoic  and  these  may  have  also 
existed  to  some  extent  in  the  present  northern  hemisphere. 
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North  America 

With  negligible  exceptions  the  Pennsylvanian  as  well  as  the 
Pennian  formations  of  eastern  North  America  are  all  continental 
sediments  and  represent  a  series  of  alluvial  fan,  flood-plain,  and 


Fig.  1391a.  —  Map  showing  the  outcrops  of  Pennsylvanian  rocks  in  North 

America.     (After  Bailey  Willis.) 

swamp  deposits,  of  material  derived  by  the  erosion  of  the  con- 
tinually rising  Appalachian  oldland.  During  the  early  progress 
of  such  deposition  in  the  Appalachian  geosyncline,  the  central 
area,  which  previously  received  the  marine  Mississippian  de- 
posits, was  undergoing  active  erosion,  so  that  a  considerable  portion 
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of  the  older  rocks  was  again  removed,  especially  in  the  more 
northern  region,  and  when  later  the  first  deposits  of  the  Pennsyl- 
vanian  reached  this  district,  they  came  to  rest  disconformably 
upon  various  members  of  the  older  series.    This  is  well  illustrated 


Fig.  1 391  b.  —  Map  showing  the  outcrops  of  the  undivided  Carboniferous 
•  rocks  of  North  America.    (After  Bailey  Willb.) 

in  the  following  north  and  south  section  in  Indiana  (Fig.  1392), 
a  section*  which  with  variations  could  be  duplicated  in  lUinois, 
where  the  erosion  in  the  north  has  cut  down  even  to  the  Devonian, 
upon  which  formation  the  first  of  the  Pennsylvanian  deposits 
rests. 

Still  farther  west,  however,  marine  conditions  continued,  es- 
pecially in  the  western  part  of  the  Cordilleran  geosyncline  and 
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later  on  in  the  eastward  extension  of  thb.in  the  Kansas-Nebraska 
region,  which  had  by  this  time  become  more  or  less  distinct  from 


Fig.  1392.  —  Diagrammatic  north-south  section  in  Indiana  or  Elinois, 
showing  the  disconformable  relationship  of  the  basal  Carbonic  sandstone 
(Mansfield),  which  rests  upon  the  beveled  edges  of  the  several  Mississippian 
formations!  showing  profound  erosion  before  the  deposition  of  the  sandstone. 
(OriginaL) 

the  western  geosyncline  by  the  rise  of  the  Rocky  Mountain  protaxis 
(Map,  Fig.  1399). 

Stratigraphic  Succession 

The  complete  succession  of  the  Permo*Carbonic  continental 
deposits  in  the  Appalachian  geosyncline  is  as  follows : 


Dunkard  or  upper  Barren  series  (Permian)  1 
Monongahda  or  upper  Productive  series  [ 
Canemaugh  or  lower  Barren  series  | 

Allegheny  or  lower  Productive  series 
Kanawha  or  lower  Productive  series 
PoUsviUe  series 


1 


Of  the  bitimiinous  region. 

Of    the    Appalachian    Mountain 
region. 


The  Pottsville  Series.  —  This  is  a  coarse  sandstone  and  quartz 
pebble  conglomerate  which  in  the  Appalachian  region  everywhere 
/lies  at  the  base  of  the  Pennsylvanian  series,  and  from  its  resistant 
character  forms  mountain  ridges  or  constitutes  the  summit  forma- 
tion of  extensive  plateaus  (Fig.  1397).  It  is  known  by  various 
names  in  diflferent  sections  but  is  everywhere  a  deposit  formed  by 
rivers  from  Appalachia,  and  besides  being  free  from  marine  organic 
remains,  except  in  its  marginal  portions,  where  the  beds  entered 
the  sea,  it  frequently  shows  repeated  and  pronounced  torrential 
cross-bedding.  There  are  at  least  two  centers  of  accumulation 
where  the  earliest  known  portions  of  the  series  were  deposited  and 
from  which  the  successive  beds  spread  in  all  directions,  overlapping 
one  another  away  from  the  source  of  supply  (Fig.  1393).  One  of 
these  centers  is  near  the  type  region  (Pottsville)  on  the  Schuylkill 
River  in  Pennsylvania,  where  the  beds  now  form  typical  Appala- 
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chian  ridges  (Fig.  1394).  -The  second  center  lies  in  the  Pocahontas 
region  of  southern  Virginia  and  West  Virginia.  In  both  cases 
the  formations  are  from  1200  to  1500  feet  in  thickness,  but  they 


Fig.  1393.  —  Map  of  the  alluvial  fans  of  early  Carbonic  time,  the  remnants 
of  which  now  constitute  the  Pottsville,  Lee,  and  other  conglomerates  of  the 
Appalachian  region,  the  Olean  conglomerate  of  New  York,  and  the  Sharon 
of  Ohio.     (Original.) 

probably  extended  much  farther  east  at  one  time  and  had  a  corre- 
sponding increase  in  thickness.'  The  radial  spreading  and  overlap 
of  the  four  principal  subdivisions  is  well  shown  by  a  study  of  the 
sections  of  the  formation  (Fig.   1395).    The  material  is  clearly 
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derived  from  Appalachia,  which  was  the  only  land  mass  at  that 
time  capable  of  furnishing  such  sediment.  The  pebbles  are  in 
general  much  larger  and  of  a  greater  variety  of  material  in  these 
centers  of  origin,  decreasing  in  size  as  we  pass  away  and  becoming 


Fm.  1394.  —  Section  of  tbr  fonuations  along  the  SchuyQuU  River,  near 
PdttEville,  Pa.,  Ehowing  the  relationship  of  the  Upper  Devonian  (CatskiU), 
the  Misdssippian  (Focono  andMauch  Chunk),  and  the  Pottsville  conglomente 
and  higher  Coal-measure  strata.     (Origiiud.) 

mostly  pure,  well-rounded  quartz.  The  lowest  division  {PocdkotUas) 
is  represented  only  in  the  two  eastern  districts  noted ;  the  next 
division  overlaps  it  from  both  centers  in  all  directions,  away  from 
the  source  of  supply,  and  comes  to  rest  upon  the  somewhat 
eroded  surface  of  the  Mississippian,  beyond  the  area  covered  by 
the  lower  division.  The  third  division  overlaps  the  second  in  the 
same  way,  the  beds  of  the  two  fans  becoming  more  or  less  con- 
fluent in  the  region  between  the  two  centers;  and  the  fourth 
division  overlaps  the  third  and  has  the  greatest  extent.     This 


Fig.  1395.  —  Ideal  section  of  the  Pottsville  alluvial  fan,  showing  the  north- 
westward overlap  of  the  successive  members.  The  overlap  is  away  from  the 
source  of  supply,  which  was  Appalachia  on  the  east.    (Original.) 

division  alone  is  represented  in  southwestern  New  York  {Olean 
congtomeraie.  Figs.  1396,  1397),  and  in  western  Peimsylvania 
and  Ohio  {Sharon  conglomerate).  The  several  divisions  are  dis- 
tinguished by  their  characteristic  plant-bearing  beds,  which  are 
either  present  as  intercalated  layers,  or  form  the  roof  shales  of 
more  or  less  important  coal  seams  in  the  series. 
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of  the  older  rocks  was  again  removed,  especially  in  the  more 
northern  region,  and  when  later  the  first  deposits  of  the  Pennsyl- 
vanian  reached  this  district,  they  came  to  rest  disconformably 
upon  various  members  of  the  older  series.    This  is  well  illustrated 


Fig.  1391  b.  —  Map  showing  the  outcrops  of  the  undivided  Carboniferous 
*  rocks  of  North  America.    (After  Bailey  Willis.) 

in  the  following  north  and  south  section  in  Indiana  (Fig.  1392), 
a  section '  which  with  variations  could  be  duplicated  in  lUinois, 
where  the  erosion  in  the  north  has  cut  down  even  to  the  Devonian, 
upon  which  formation  the  first  of  the  Pennsylvanian  deposits 
rests. 

Still  farther  west,  however,  marine  conditions  continued,  es- 
pecially in  the  western  part  of  the  Cordilleran  geosyncline  and 
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North  America 

With  negligible  exceptions  the  Pennsylvanian  as  well  as  the 
Permian  formations  of  eastern  North  America  are  all  continental 
sediments  and  represent  a  series  of  alluvial  fan,  flood-plain,  and 
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Fig.  1391  a,  —  Map  showing  the  outcrops  of  Pennsylvanian  rocks  in  North 

America.    (After  Bailey  Willis.) 

swamp  deposits,  of  material  derived  by  the  erosion  of  the  con- 
tinually rising  Appalachian  oldland.  During  the  early  progress 
of  such  deposition  in  the  Appalachian  geosyncline,  the  central 
area,  which  previously  received  the  marine  Mississippian  de- 
posits, was  undergoing  active  erosion,  so  that  a  considerable  portion 
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of  the  older  rocks  was  again  removed,  especially  in  the  more 
northern  region,  and  when  later  the  first  deposits  of  the  Pennsyl- 
vanian  reached  this  district,  they  came  to  rest  disconformably 
upon  various  members  of  the  older  series.    This  is  well  illustrated 


Fig.  1391 6.  —  Map  showing  the  outcrops  of  the  undivided  Carboniferous 
*  rocks  of  North  America.    (After  Bailey  Willb.) 

in  the  following  north  and  south  section  in  Indiana  (Fig.  1392), 
a  section*  which  with  variations  could  be  duplicated  in  lUinois, 
where  the  erosion  in  the  north  has  cut  down  even  to  the  Devonian, 
upon  which  formation  the  first  of  the  Pennsylvanian  deposits 
rests. 

Still  farther  west,  however,  marine  conditions  continued,  es- 
pecially in  the  western  part  of  the  Cordilleran  geosyncline  and 
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North  America 

With  negligible  exceptions  the  Pennsylvanian  as  well  as  the 
Pennian  formations  of  eastern  North  America  are  all  continental 
sediments  and  represent  a  series  of  alluvial  fan,  flood-plain,  and 
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Fig.  1391  a.  —  Map  showing  the  outcrops  of  Pennsylvanian  rocks  in  North 

America.    (After  Bailey  Willis.) 


swamp  deposits,  of  material  derived  by  the  erosion  of  the  con- 
tinually rising  Appalachian  oldland.  During  the  early  progress 
of  such  deposition  in  the  Appalachian  geosyncline,  the  central 
area,  which  previously  received  the  marine  Mississippian  de- 
posits, was  undergoing  active  erosion,  so  that  a  considerable  portion 
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of  the  older  rocks  was  again  removed,  especially  in  the  more 
northern  region,  and  when  later  the  first  deposits  of  the  Pennsyl- 
vanian  reached  this  district,  they  came  to  rest  disconformably 
upon  various  members  of  the  older  series.    This  is  well  illustrated 


Fio.  13916.  —  Map  showing  the  outcrops  of  the  undivided  Carboniferous 
*  rocks  of  North  America.    (After  Bailey  Willis.) 

in  the  following  north  and  south  section  in  Indiana  (Fig.  1392), 
a  section- which  with  variations  could  be  duplicated  in  Illinois, 
where  the  erosion  in  the  north  has  cut  down  even  to  the  Devonian, 
upon  which  formation  the  first  of  the  Pennsylvanian  deposits 
rests. 

Still  farther  west,  however,  marine  conditions  continued,  es- 
pecially in  the  western  part  of  the  Cordilleran  geosyncline  and 
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probably  represented  the  southern  end  of  the  Rocky  Mountain 
protaxis,  the  Lower  Pennsylvanian  limestone  is  succeeded  by  a 
millstone  grit,  that  is,  a  quartz  conglomerate,  and  above  this 
follows  an  alternation  of  marine  and  continental  beds,  the  latter 
with  calamites,  showing  osdllatory  conditions.  In  the  Zuni 
Plateau  region  of  New  Mexico  to  the  northeast  of  the  preceding 
locality  the  Red  Wall  limestone  is  overlapped  by  the  bright  red 
lower  Aubry  sandstones  which  rest  directly  upon  the  granite. 
But  in  the  center  of  the  trough  marine  conditions  prevailed  through 
most  of  the  Pennsylvanian,  and  great  deposits,  6000  to  7000  feet 
thick  and  chiefly  of  limestones,  were  there  formed  and  are  now  ex- 
posed in  the  more  recent  uplifts,  such  as  those  of  the  Wasatch 
and  other  mountains.  Terrigenous  elastics  succeed  these  lime- 
stones, showing  the  gradual  shoaling  of  the  trough  towards  the 
dose  of  the  period. 

It  is  owing  to  the  essential  separation  of  the  Kansas  sea  from 
the  Cordilleran  geosyncline  that  the  faunas  of  the  two  basins  are 
to  a  certain  extent  distinct,  though  there  are  many  species  in  com- 
mon between  them.  The  fauna  of  the  western  basin  has  also  much 
in  common  with  that  of  Europe  and  Asia. 

Europe  and  Asia 

Subdivisions.  —  The  Upper  Carboniferous  or  Carbonic  of  Europe, 
with  which  that  of  Asia  is  closely  correlated,  admits  of  a  threefold 
division  as  follows :  •  . 

Upper  Carbonic  or  Ouialian  (marine) ;  Stephrniian  or  Ottweilian  (non-marine). 

Middle  Carbonic  or  Upper  Moscovian  (marine) ;  Westphalian  or  Saarfariick- 
ian  (non-marine). 

Lower  Carbonic  or  Lower  Moscovian  (marine) ;  Namurian  (partly  marine) ; 
Waldenbtugian  (non-marine). 

Preceded  conformably  by  Mississippian  or  Dinantian. 

Stratigraphic  Development 

We  must  recall  once  more  the  general  geographic  conformation 
of  the  continents  of  Europe  and  Asia  in  later  Palaeozoic  time.  On 
the  northwest  the  continental  mass  of  Atlantica  occupied  the 
greater  part  of  the  Britkh  Isles,  Scandinavia,  Finland,  and  a  part 
of  the  Russian  land.  This  included  the  old  Baltic  embayment  of 
Silurian  and  earlier  time  which,  by  the  folding  and  elevation,  had 
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been  added  to  the  land  mass  of  Atlantica,  while  the  main  geosyn- 
cline  of  deposition  had  migrated  farther  to  the  south  and  east. 
From  this  land  mass  the  main  Devonian  sediments  of  western 
Europe  were  derived,  these  being  spread  out  in  the  geosyndine. 
The  sea  transgressed  southward  over  the  present  Mediterranean 
region  to  the  borders  of  the  old  African  continent.  In  Asia  the 
niain  land  mass  was  the  Siberian  basin  (the  site  of  SUurian  and 
older  sediments),  which  had  become  surrounded  by  a  relatively 
continuous  moimtain  S5rstem,  outside  of  which  again  lay  a  new 
geosyncline.  On  the  west  of  the  Siberian  mass  this  geos)mcline 
lay  in  the  region  now  occupied  by  the  Ural  Mountains.  On  the 
south  it  lay  approximately  along  the  Chinese  border  and  on  the 
east  it  extended  through  east  Siberia  to  Alaska.  These  were  the 
regions  in  which  the  chief  Devonian,  Mississippian,  and  Carbonic 
marine  strata  were  deposited. 

At  the  opening  of  Carbonic  time  the  western  European  region  be- 
came divided  into  two  basins  by  the  rising  of  a  land  barrier  which 
extended  from  central  France  to  Bohemia  on  the  one  hand  and 
westward  on  the  other  for  an  unknown  distance  into  the  present 
Atlantic,  south  of  England,  and  Ireland  (Armorican  land  mass). 
During  the  rise  of  this  land  mass  some  of  the  older  rocks,  including 
the  Mississippian,  were  folded,  and  subsequent  erosion  truncated 
these  folds.  This  land  barrier  defined  the  coal  basins  of  northern 
Europe  on  the  south  and  became  one  of  the  chief  sources  of  supply 
of  clastic  sediment,  so  much  so  that  the  sea  was  practically  ex- 
cluded from  much  of  these  northern  basins.  On  the  south,  how- 
ever, the  marine  waters  continued  unabated  in  the  Mediterranean 
basin,  which  joined  the  Ural  and  central  Asiatic  geosynclinal  de- 
pressions in  which  the  sea  likewise  was  dominant. 

The  northern  basin  apparently  was  closed  on  the  west  where 
the  Armorican  land  barrier  joined  the  land  mass  of  Atlantica.  It 
opened  to  the  eastward,  however,  where  it  joined  the  Ural  de- 
pression. At  first  the  sea  still  lingered  in  this  basin ;  but  soon  it 
withdrew  eastward,  leaving  the  western  area  subject  to  continental 
sedimentation  and  the  formation  of  coal  swamps.  This  withdrawal 
is  well  shown  in  the  British  succession,  where  the  Mississij>pian 
limestone  is  succeeded  by  shallow  water  deposits  {Yoredale  beds 
of  England,  Gannisier  group  of  Scotland),  and  these  are  followed 
by  the  continental  Millstone  Grit,  a  deposit  of  the  type  of  the 
American  Pottsville.    Then,  follow  the  river  and  flood-plain  de- 
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posits  which  inclose  the  coal  beds  and  some  of  which  still  contain 
brackish' water  organisms,  though  most  of  them  are  of  fresh- 
water origin.  While  the  Millstone  Grit  was  forming  as  a  conti- 
nental deposit  in  Britain,  Belgium  and  the  north  of  France  were 
still  covered  by  the  sea.  Here  is  found  a  shallow-water  series  of 
carbonaceous  muds  at  the  base  {Chokian  series),  chiefly  marine 
and  estuarine,  and  these  are  succeeded  by  sands,  partly  of  sub- 
aerial  origin,  with  from  four  to  eight  marine  intercalations.  This 
entire  series  of  older  Carbonic  deposits  of  Belgium  {NamuruiH) 


Fic.  1400.  —  Quany  in  the  coal-beds  (Stephanian)  of  the  Commentry  basin, 
France.    (After  Haug.) 

is  succeeded  by  the  lower  Coal-measures,  1000  meters  thick,  the 
lower  part  of  which  contains  eight  coal  seams  and  two  marine 
intercalations  and  many  brackish-  and  fresh-water  beds,  while  the 
upfKr  part  has  flfty-one  coal  seams  but  is  without  marine  inter- 
calations {Fig.  1400). 

Still  farther  east,  in  Germany,  the  Mississippi^!  beds  are  followed 
by  200  meters  of  pure  marine  Carbonic  beds  with  goniatites,  and 
these  pass  upward  into  non-marine  sands  1000  meters  thick  which 
still  contain  some  marine  intercalations  but  no  coal  beds.  Then 
follow  the  main  coal  deposits  (including  those  of  the  Saar  Valley 
and  of  Westphalia)  with  a  thickness  of  over  3000  meters,  but  still 
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with  a  number  of  marine  intercalations  (Fig.  1401).  Above  this 
lies  the  non-marine  Oltweiier  series,  which  in  places  marks  the 
beginning  of  increasing  aridity  as  shown  by  the  presence  of  exten- 


Fio.  1401.  —  a.  Cross-section  of  the  Carbonic  and  Lower  Permian  (Roth- 
li^endes)  beds  of  the  Saor-Nahe  coal  r^ion  of  western  Germany,  showing  theii 
relation  to  the  older  Paleozoic  rocks.  (Modified  after  Nasse  and  Kayser.) 
Jf ,  Lava  (melaphyr) ;    C,  coal-beds;    F,  faults. 

b,  Reconstruction  of  the  section  to  show  the  relationships  of  the  strata  at 
tbe  time  of  deposition.  The  overlap  is  from  south  southeast,  to  north  north- 
west, 01  away  from  the  source  of  supply,  which  was  in  the  Varisdan  moun- 
tains of  the  period  (Fig.  1417).    (Original.) 


sive  red  beds.  Thus  there  is  shown  a  gradual  eastward  retreat 
of  the  sea  from  the  northern  basin  and  the  replacement  of  marine 
by  continental  sediments,  while  the  repeated  readvances  of  the  sea 
extended  westward  to  a  diminishing  extent.     In  the  Russian  region, 


Fic,   1401  a.  —  Fmuiina  cytindrica.  Carbonic.     Natural  size  on  rock,  and  a 
specimen  enlarged  and  partly  worn  to  show  interior. 

however,  marine  conditions  prevailed  throughout,  and  an  enor- 
mous series  of  marine  strata,  estimated  at  18,000  meters  in  thick- 
ness, and  including  the  coal  beds  of  the  Donetz  basin,  were 
deported.    A  remarkable  character  of  these  deposits,  especially 


49°  The  Pennsylvanian  System 

the  middle  division  is  the  presence  of  a  large  number  of  charac- 
teristic  speacs  which  are  equally  abundant  in  the  Pennsylvanian 


limestones  of  western  North  America.  Foraminifera,  especially  the 
rice  or  grain-shaped  Fusulina  (Fig.  1402)  and  the  more  globular  form 
Schwagerina  (Fig.  1403),  play  an  important  part  in  the  fortnations 
of  the  limestones  in  both  regions. 
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The  following  table  (modified  from  Kayser)  shows  the/succession 
of  Carbonic  beds  of  Europe. 
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Towards  the  dose  of  this  limestone-forming  era,  clastic  sediments 
again  became  abundant,  forming  a  transition  to  the  Permian  de- 
posits. 

Limestones  and  some  clastic  beds,  essentially  with  the  faunas 
of  the  Russian  region,  are  found  throughout  southern  Europe  in 
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the  Mediterranean  basin  and  extend  eastward  through  central 
and  eastern  Asia. 

Otogenic  Disturbances 

The  mountain-forming  disturbances  which  marked  the  opening 
of  the  European  Carbonic  continued  at  intervals  in  the  northern 
European  region,  and  culminated  in  the  formation  of  the  main 
European  Palaeozoic  mountains.  The  Carbonic  strata  were  in- 
volved in  these  disturbances  and  they  are  to-day  much  folded  and 
faidted,  especially  in  Belgium.  Two  main  chains  of  these  Alps  are 
recognizable,  both  joining  in  central  France  (Fig.  1427, p.  508).  One, 
the  Variscian  chain,  extended  northeastward  in  a  great  arc  around 
the  northern  end  of  Bohemia  to  the  Sudetian  Mountains  and  per- 
haps beyond.  The  other,  the  Armorican  chain,  extended  west- 
ward through  Brittany,  southwestern  England,  and  Ireland.  With 
the  final  rise  of  these  mountain  chains  the  northern  basin  became 
completely  isolated,  and  as  these  mountains  were  of  sufficient 
height  to  shut  out  the  moisture-bearing  winds,  more  or  less  arid 
conditions  came  to  prevail  in  that  area,  as  reflected  by  the  character 
of  the  succeeding  deposits  formed  there,  which  include  not  only 
red  beds  but  the  great  North  German  salt  deposits. 

General  Character  of  the  Carbonic  (Pennsylvanian) 

Faunas  and  Floras 

Marine  Animals 

The  marine  faunas  of  the  Carbonic  are,  on  the  whole,  of  very  distinctive 
character  when  we  compare  them  with  the  faunas  of  the  older  S3rstems,  especially 

the  pre-Mississippian  faunas.  As  might  be  expected,  there 
are  certain  marked  affinities  between  the  Mississippian  and 
Carbonic  faunas,  while  there  are  even  more  pronounced 
affinities  between  the  Carbonic  and  Permian  marine  faunas. 
Indeed  in  some  sections  a  distinction  between  Carbonic 
and  Permian  on  the  basis  of  marine  faunas  is  scarcely 
possible,  because  many  of  the  characteristic  Carbonic  types 
continue  into  the  Permian  strata,  and  they  therefore  serve 

.^      '  as  index  fossils  only  of  the  post-Mississippian  horizons  of 

Fig.  1404.  —      *u   T>  1        • 
Uphophyllum      ^^  Pateozoic. 

profundutn.  Fonuninifera.  —  These  are  well  represented  by  a  num- 

Carbonic.  her  of  types,  most  prominent  and  characteristic  among  which 

is  Fusulinay  readily  recognized  by  its  form  and  size,  which 
are  like  that  of  a  grain  of  rice,  and  by  its  structure  (Fig.  1402).  This  shell 
often  makes  up  entire  limestone  masses,  and  may  be  considered  a  positive 
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index  fossil  of  the  Carbonic  or  Peansylvanian  and  the  Penoian.  A  shorter, 
more  rounded  form,  Sckuoieriaa,  is  equally  cfaaiacteriatic  of  the  higher  Car- 
bonic strata  (Fig.  1403). 

ConUs.  —  These  are,  on  the  whole,  uncommon  in  the  marine  Carbonii: 
strata,  but  some  of  the  ancient  cup-coral  types  still  survive.  The  most  char- 
acteristic American  fonns  are 
LophophyUum  (Fig.  1404),  a,  small, 
hom-shaped  type  with  a  flattened 
columella  projecting  from  the  cen- 
ter of  the  cup,  and  CampophyUum 
(Fig.  1405),  a  larger  fonn  with 
flat  center  free  from  septa. 

BrTOEOa.  —These  are  much  less 
common  than  in  the  older  forma- 
tions, though  some  of  the  older 
genera  still  survive.  The  peculiar 
form  long  known  as  Ckateles  (Fig. 
1406)  is  frequently  met  with  in 
European  and  to  some  extent  in 
American  deposits. 

Brachlopoda.  —These   e 
tinctive  in  character.    The  orthis 

group  is  represented  by  a  fen  terminal  membeis,  among  them 
(Fig.  1407  h,  >),  which  is  plicated  along  the  margin.  The  flat-valved  forms, 
so  common  in  the  older  horizons,  are  here  represented  by  massive  types 
which  lack  the  symmetry  of  the  older  genera  (OrthotkOa  or  Derbya,  Fig. 
1407  M-^).  A  plicated  member  of  this  group  is  also  characteristic  (Meekelia, 
Fig,  1407  a-c).  The  characteristic  stiopheodontas  of  the  Devonian  have 
wholly  disappeared.  On  the  other  hand  the  small  broad  members  of  this 
type  of  shell,  with  spines  along  the  hinge 
line  {Chonftes),  are  still  well  represented  by  ■ 
a  number  of  species,  but  all  of  these  have 
more  or  less  distinctive  charactera,  such  as 
a  median  depression  (sinus),  or  a  well- 
defined  median  fold  in  the  convex  valve  (Fig. 
1407).  But  by  far  the  most  characteristic 
type  in  this,  as  in  the  preceding  (Mississip- 
pian),  horizon  is  Produclus,  of  which  there  is 
a  large  number  of  species,  all  with  a  very 
1      .,  ,  convex,  generally  spinous,  large  (pedicle)  valve, 

*-** ■■  and  a  flat  or  concave  smaller  valve  (Fig.  140S). 

The  genus  Spiri/er  is  represented  by  dis- 
tinctive types.      Most    characteristic  of   the 
earlier  beds  is  a  very  rotund  form,  regularly 
and  simply  plicated  all  over  and  recalling  those 
of  the  Mississippian  (Spirifer  mesqucnsis  of  Kuropc,  Fig.   1409,  and  related 
American  forms).     Higher  divisions  are  characterized  by  a  more  extended 
form  in  which  the  plications  are  grouped  or  arrax^ed  in  fascicles  (S.  cameroius. 


Flo.  n«6,^Ckaleta  ra- 
dioiu  (Xt)i  aCaibonic  coral 
of  Europe.     (Kayser.) 


Fig.  1407  ■  —  Carbonic  briicluopods.  a-c,  Meekdla  strialacoslata  d  e  Spmfer 
cameralus;  j,  g,  5.  (Jfar/inia)  perpUxa;  h,  i,  Entdcies  kemtpiicata  j-l  Rhift- 
domdla  pecosi;  m-p,  Orthotheles  (Dtrbya)  crassus;  (m,  n  mtenors)  g  Chaneiei 
meseiobus ;  r-l,  Huittdia  mormoni;  u,  i,  Ditlaima  btmderu ,  u ,  x,  Samnid* 
argtniea 
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Fig.  1407  d,  e,  called  S.  fasciger  in  Europe).  A  noo-plkated  subgenus  with 
short  hinge  line  (iforlinia,  Fig.  1407/,  £)  also  occiin  in  both  continents. 
The  smooth-shelled  brachiopods  are  likewise  well  repiesented,  chiefly,  however, 


Fig  1410  — Carbonic  pelecypods.  a,  Plena  sulcata,  left  valve;  b,  Paral- 
Idodon  obsalflu!  nght  valve  c  AUorisna  coilalum.tifiht  valve;  d,t,  Acanilio- 
perlen  cMbotiijerus  n);lit  and  left  valves;  /,  Avkutopecttn  occidetilalii,  left 
valve  ;  Monoptcrii  Ionpsl»na  left  valve;  k,  \tyalina  swallevi,  right  valve; 
I  Aitikracomta  ttangala  nght  %al\e  enlarged  (brackish  or  fresh  water);  },  An- 
tkrocemya  taevis,  left  valve  enbrged  (brackish  or  fresh  water);  it,  NiUadiles 
carbonariiu,  left  valve  (brackish  or  fresh  water).    (See  also  Fig.  144S.)    (I.F.) 
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by  the  genera  Stminula  (Composila,  Fig.  1407  w,  x)  and  Dielasma  (D.  botidau. 
Fig.  1407  tt,v,  of  America,  D.  timanica  of  Europe). 

Pele^pods.  —  This  class  is  weU  represented,  but  the  characteristics  of  the 
species  are  not  readily  distinguished  by  the  non-eipert.    Most  marked,  per- 


FlG.  1411. — ^  Carbonic  gastropods,  o-e,  £u*m/Aa/wferj»«ii«i«,  about  i  nat- 
ural size*  d,e,  Euomphalus  subquadratas ;  f,  iVorihtnia  Uibulala;  g,  Pkttro- 
tomaria  (Euconospira)-  lurbmiformis ;  h,  i,  PI.  {Trepospira)  spkarulala,  two 
varietiesj  j,  PI.  (Trepospira)  illinoisensis;  k,  Ptatyceras  parmim,  on  crinoid 
stem;   {,  Meekoipira  paacuta;   m,  Soleniscus  rtpdaris.     {I.  F.) 


Fio.  141a.  —  Carbonic  gastropods,  a-c,  BeUtropkon  percanmtiui;  d,e,  Bd- 
ifropkon  crasstis;  f,  B.  {Eupkemus)  nodncarinatus ;  g.  h,  B.  (Euphtmus)  carbo- 
narius;  i,  Nalieopsis  toria;  j,  Spharodoma  primigenium. 
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baps,  ore  the  genera  Ancaieptelea  (Fig.  1410/)  and  Myalina  (Fig.  1410A}, 
though  they  are  not  restricted  to  those  horizons. 

Outropods.  —  These,  too,  arc  numerous,  the  most  distinctive  among  them 
being  the  genus  Euomfikaius  (Fig.  141 1  a-c)  and  certain  ornamented  Pleurolo- 


FiG.  1413.^  Small  types  of  Carbonic  gastropods  (natural  siie  except  when 
stated),  a,  OHhonema  conicum;  b,  c,  Anomphaius  roHdus  (Xii);  d,  c,  Slro- 
pluslylus  nanus;  /,  iMtonenfa  (Sreftoris)  whilfiddi  (X4);  |,  *,  apical  portion 
and  last  whorls  stUl  further  enlarged;  t,  j,  Aclisirm  robusta  (Xi)),  with  body 
whorl  much  enlarged;  k,  I,  Bulimorpha  minula  (X4),  J,  last  whorls  greatly 
enlarged. 


Rg,  1414. —  Carbonic  nauti- 
toids.  a,  b,  N.  {Melacoceras) 
cavaiiforme,  broken  so  as  to 
show  the  inner  rounded  whorls, 
which  strongly  contrast  with 
the  angular  ones,  and  suggest 
Devonian  or  earlier  t>-pes 
(Xi);  c,  M.  sitbquadrangv- 
laris.  Adult  Xj.  (See  fur- 
ther Fig.  1516,  p.  S73-) 


Fio.  MIS-  —  A  characteristic  American 
nautiloid  of  the  Carbonic  and  Permian.  Tai- 
ntKeras  occidenlale  (Swallow),  a,  young,  side 
view;  ft,  adult,  ventral  view;  c,  section.  All 
one-hall  natural  »ze.     (I.  F.) 
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nurias  (Wortkaius,  Fig.  141 1/;  Trepospira,  Fig.  1411  h-j).  The  BeUenqihons 
aie  also  well  represented  (Figs.  1413  a-k).  Finally  the  genus  Omphalotrxkus 
■  (O.  atkitneyi)  is  a  characteristic  index  fossil  of  the  middle  division,  both  in 
Europe  and  in  America.    There  ore  also  many  snudl  gastropods  (Fig.  1413). 

Cqdialopods.  —  This  class  is  especially  well  r^resented  by  □umerous 
omantented  and  generally  angular  or  spinous-shelled  Nautiloids  (Figs.  1414, 
141s)  and  by  many  goniatites  (Fig.  1416),  generally  with  very  complei  sutures, 


Fig.  1416. — Carbonic  goniatites.  a-<,  ConuilobKeras  vetttri,  internal  molds 
of  shell  (two  «ews)  and  suture  Cnlai^ed,  III.,  Texas;  d-f,  Dimorphoceras 
texoHum,  inlemal  molds  of  shell,  and  suture  enlarged,  upper  Coal-measures, 
Texas;  |,  h,  Gastrioceras  carbonarium,  shell,  and  suture  enlarged.  Middle 
Coal-measures,  Arkansas,  England,  Belgium,  and  Germany.     (I.  F.) 


some  of  which  are  even  of  ceratitic  type.  The  straight  Orthoceran  foim, 
though  still  represented,  has  become  very  rare  and  is  on  the  point  of  disap- 
pearance. 

Tdlobitcs  and  Other  CiUBtace*.  —  Trilobitcs  are  represented  only  by  the 
genera  Philtipsia  and  Griffilhides  (Fig.  1417).  Tbe  class  is  rare  and  ha* 
almost  disappeared  from  the  Pobcozoic  seas,  Ostracods  (Fig.  141S),  however, 
still  abound  in  some  regions,  and  there  are  a  number  of  other  crustacean  types, 
many  of  them  inhabitants  of  rivers  (see  below). 


Pennsylvanian  Faunas  and  Floras  499 

EcUnoderms.  —  These,  tx>o,  ue  much  modified,  crinoids  (Fig.  i4Tg)  bdng 
tew,  but  a  number  of  new  echiooida,  especially  of  the  genus  Arctuaxidaris 
(Fig.  1430),  have  appeared.    The  modein  type  is  still  unrepresented. 


Fig.  Jiij. —  GnffiMdei  xUtihu.    A  characteristic  Caibcnuc  triloUte,  3  vien 
of  an  enroUed  specimen.     Natural  size. 


Fig.  1418.  —  Characteristic  Carbonic  ostracods.  a,  BMina  radiata,  right 
valve  (X14)  (Cottonwood  shales  of  Kansas);  b.Jonesina  gregaria,  left  valve 
(Xis)  {Upfier  Carbonic);  c,  Kirkbya  cenlrtmola,  right  and  end  views  (X14) 
(Cottonwood  shales  of  Kansas) ;  <t,  Cypridina  st^xnata,  left  valve  (X3)  (Law- 
FOice  shale  of  Kansas),    (f.  F.) 


Fig.  1419.  —  Carbonic  crinoids.  a,  Ceriocrintu  ktmisphericus,  side  and 
bottom  view  of  calyx  (Coal-measures  of  the  central  United  States) ;  b-j,  Eu- 
pachycrinus  moorai:  i,c,  side  and  bottom  views  of  calyx,  d, /,  early  arm  plates 
(costab)  of  the  same.  Coal-measures  of  West  Virginia  and  Ohio  (Lower 
Cambridge  limestone).    (I.  F.) 


River  Animals 

The  river  faunas  of  the  Pennsylvanian  contained  a  number  of  characteristic 

merostomes,  including  almost  the  last  of  the  eurypterids  and  the  remarkable 

genera  Preshnichia  (Fig.  1421  d)  and  Belinunti  (Fig.  14JI  c).     The  remains  of 

these  are  often  found  beautifully  preserved  in  the  iron-stone  nodules  of  Mazon 
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3,  —  Spines  of  Carbonic  echinoids.     a,  Archaxidaris  agasstii,  with 
in  {X»),  Coal-measures  of  Kansas,  also  Burlington  of  Iowa  and  Mo.; 

b,  Archaocidaris  dimnnii,  natural  size  with  cross-section,  and  basal  pan  en- 

[uged.  Coal-measures  of  the  central  United  States. 


Fig,  I4JI.  —  Fresh-water  merostomcs  (a-d)  and  branchiopod  crustaceans 
(e-A)  of  the  Carbonic,  a-b,  Proldimulus  ericHsis.  Diagrams  of  lower  and 
upper  side  (the  latlcr  theoretical),  ^,  c^halicshield;  B,?hypostoniB;  C.genal 
spine;  D,  thoracicoabdominal  buckler;  E,  lelsen;  g,  marginal  abdominal 
spines;  i-i,  longitudbal  ridges  of  buckler;  KK,  portions  ot  gnathopodes; 
L,?foliaceous  terminations nf  the  last  gnathopodes ;  If,  positbnof  mouth  (X)); 
c,  Belinurus  lacoH  (Xi);  d,  Pratwichio  danm;  e-j,  leaia  kkarinala,  donal 
and  side  views  (X));  ;,  h,Eitheria  ortoni,  two  left  valves  (X8). 
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Creek  in  Illinois,  which  have  fumislied  so  many  of  the  typical  non-marine 
animals,  as  well  as  plants,  o(  this  period.  Fish,  too,  were  abundant,  especially 
small  sharks,  of  which  nearly  joo  kinds  have  become  known.  Ganoids  were 
common,  but  the  older  types  of  annored  fishes  had  almost  completely  dis- 
appeared. It  is  still  a  matter  of  dispute  as  to  how  far  these  fishes  continued  to 
remain  denizens  of  Che  rivers  and  to  what  extent  they  had  permanently  adapted 
themselves  to  the  seas. 

La»d  Animals 
The  land  life  was  also  markedly  diversified.    Insects  resembling  modern 
forms  but  of  much  more  archaic  character  were  common  (Fig.  1411),  cockroaches 
of  the  size  of  a  man's  finger  being  not  infrequent    Huge  dragon-Bies,  more    ' 
primitive  than  modem  types,  existed,  one  at  least  having  a  spread  of  wing  of 
nearly  two  and  a  half  feeL    Spiders  and  scorpions  were  fairiy  abundant  at  this 


Fio,  i4J».  —  A  Carbome  msect  of  the  order  Protorthoptera  {PropUtkiu  in- 
fernui,  Xi)      Coal  measures  of  lUmois 

time,  and  myriapods  (thousand-legs  and  centipedes),  often  of  large  size,  were 
common.     Some  of  these  types  are  illustrated  in  the  figures  in  Chapter  XL. 

But  the  most  striking  of  the  Und  fonrn  were  the  amphibians  of  the  group 
SUpxcpkalia,  which  had  their  heads  covered  with  bony  plates  and  their  tooth- 
structure  much  complicated  (Labyritithodont  type).  These  became  more 
characteristic  in  the  succeeding  period,  when  reptiles  also  became  a  striking 
element  of  the  land  fauna.  Their  structure,  rise  and  decline  will  be  more  fully 
discussed  in  another  chapter  (Chapter  XL). 

Plants 

Because  of  the  wide  extent  of  continental  strata,  especially  those  inclosing 

coal  beds,  the  flora  of  the  Carbonic  or  Pennsylvanian  is  preserved  in  exitnso, 

and  often  in  wonderful  perfection.     Many  of  the  plants  found  in  these  beds 

had  their  ancestry  in  the  preceding  era,  or  even  in  the  I>evonian,  but  at  no 
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previous  time  was  the  plant  li(c  of  the  land  undergoing  such  great  modificatioa 
nor  did  it  exist  in  such  piofusiou  ai  in  the  Carbonic  or  Pcnngrlvaiuan  en. 


Pic.  1413a.  —  Carbonic  fern,  Wort-  Fio.  1433&.  —  Carbonic  £cm,  Fe- 
epteris  pMtsvUUa,  Lower  Pottsvllle.  copleris  vatila.  Coal-measures,  Peim- 
(After  D.  White,)  sytvania.    (After  Lesquereux.) 

Fema.  —  The  most  typical  of  the  plants  include  both  true  fems  and  the  more 
highly  specialized  seed-bearing  forms  which  marked  the  fiist  step  (though 
probably  a  lateral  one)  towards  the  development  of  modem  seed-bearing 
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Fio.  1413  c.  —  A  common  Carbonic 
fern,  AUlhopteris  pennsylvanica. 
(After  Lesquereux.) 


Fig.  1413  d.  —  Neuropttrii  pcca- 
kotUoi,  Lower  Pottsville.  (After  D. 
White.) 


plants.  The  most  typical  of  the  fem-like  types  include:  a.  SphtnepUrid 
types  in  which  the  pinnules  are  small  and  wedge-shaped  (Spkenopteris,  Fig.  1390  a, 
p.  473 ;  UariopUris,  Fig.  1413  a) ;  b.  PttopUrid  types  in  which  the  pinnules 
are  more  or  less  parallel -sided  and  affixed  by  a  broad  base  (with  branched 
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.A,/? 


Flo.  I4»3 1.  —  Carbonic  fern,  Nea- 
rofltris    darktoni.     (After    Lesque- 


Ftc.  1414  b.  —  Lepidadendren  modu-  Fig.  1414  c.  —  Lepidadtndron  ob- 
latum,  ft  portioD  of  tlie  bark,  flat-  luiuni,  part  of  a  fragment  of  flattened 
tened.  bark.     (After  Lesquereux.) 
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median  veins)  {Pecopteris,  Fig.  14236),  or  become  broadeacd  and  confluutt, 
with  a  simple  median  vein  {AUthoptens,  Fig.  1413  c);    c.   Nairopttrid  types 
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Fio.  1434 1.  —SigiBarin  petHa.    Coal- 


FlG.  nnd.  —  Sigillaria  rfel 
part  of  bark  flattened.  Coal-n 
urea.     (After  Lesquereuz.) 


u  which  the  pinnules  have  a  more  or  less  heart-shaped  base  and  generaUy 
strong  median  and  forked  lateral  veins  {NturopUris,  Fig.  14Z3({,«). 

ClubHouesorLjcopods.  —  These  were  represented  by  numerous  species  of 
Lcpidodendrott  (Fig.  1424  ft,  c)  and  Sigiliaria  (Fig.  1424  i,  e),  and  by  their  pros- 


Fio.  141S 1.  —  Stem  and  root-stocks  (Stigroaria)  of  a  Sigiliaria  tre«  of  the 
Coal-measures  In  the  place  where  it  grew,  after  removal  of  the  enclo^ng  sand- 
stone layers.     Victoria  Park,  Glasgow.     (Photo  by  author.) 


trate  root-stocks,  Stigmaria  (Fig.  1415  a,  b).     The  Equisetz.  or  Horsetails,  were 
represented  by  the  Iree-liko  Calamiles  (Fig.  804,  p.  78),  while  a  climbing  form. 
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SpHenopkyllum  (Fig.  806,  p.  So),  with  wedge-sh&ped  leaves  in  whorU,  nas  also 
distinctive.  The  Cordaiits,  or  eariy  coniferous  tieea,  already  common  in  the 
Devonian,  also  abound  in  the  Pennsylvanian,  where  their  laige  strap-shaped 
leaves  often  characterize  the  deposits  (Fig.  1436).  (See  fuither  summaiy  of 
PaUcoHHC  life  in  Chapter  XL.) 


Fio.  1415  b.  —  Basal  position  of  ft  large  SigilUria  tree  with  widespreading 
root-stocks  (Stigmaria)  in  the  place  where  it  grew  in  Carbonic  time,  after  the 
reiDovsl  of  the  inclosing  sandstone  Isyen.  Astoria  Park,  Gbagow.  (Fboto 
by  author.) 


CHAPTER  XXXVin 

THE  PERMIAN  OR  PERMIC  SYSTEM 

Between  the  Coal-measures  and  the  red  Triassic  sandstone 
(Bunter  Sandstein)  of  northern  Germany  lies  a  series  of  red  sand- 
stones covered  in  turn  by  a  magnesian  limestone,  which  had  long 
been  known  to  the  miners  as  the  Zechstein,  a  name  of  somewhat 
doubtful  origin,  but  believed  by  some  to  have  originated  from  the 
tough  character  of  the  rock  (German  zdh),  and  by  others  to  have 
originated  from  the  fadt  that  upon  it  rest  the  Zechenhduscken  or 
shaft-huts  of  the  niunerous  small  shafts  which  penetrate  to  the 
copper  slate.  At  the  base  of  this  limestone  series  lies  the  im- 
portant black  copper-bearing  shale,  the  Kupfersckiefer,  which 
rests  upon  the  red  sandstone,  sometimes  with  an  intervening  white 
sandstone  (WeissliegendeSj  an  old  dune  sand).  As  the  red  sand- 
stone marks  the  lower  limit  of  productivity  of  the  copper  slates, 
it  was  designated  by  the  miners  as  the  rotes  totes  Liegendes  (red 
dead  basal  series),  a  name  which  was  later  contracted  into 
Rothltegendes, 

The  2^chstein  further  became  of  great  economic  importance 
by  the  discovery  that  it  contained  extensive  salt  deposits,  which 
later  proved  to  carry  the  valuable  potash  salts  for  which  the  for- 
mation has  become  famous. 

Because  of  the  marked  twofold  division  of  this  group,  the  name 
Dyas  was  proposed  for  it  by  the  Franco-American  geologist  Jules 
Marcou,  and  adopted  by  the  German  geologists  generally,  with 
Geinitz  as  the  leader.  In  England  this  system  is  represented  by 
the  Magnesian  Limestone  of  Durham,  which  passes  westward  into 
the  lower  New  Red  Sandstone. 

It  was  at  about  this  stage  in  the  development  of  the  knowledge 

of  these  formations  that  Murchison,  then  at  the  height  of  his  fame 

for  his  discoveries  in  Siluria,  made  his  extended  journey  in  Russia 

in  company  with  the  French  geologist  De  Verneuil  and  the 

Russian  geologist  Count  Keyserling.    On  the  western  border  of 
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the  Ural  Mountains,  especially  in  the  Gouvernement  of  Perm, 
they  found  an  extensive  series  of  red  marly  and  sandy  strata  with 
some  limestones,  which  rested  directly  upon  the  upper  Coal-measures 
and  carried  organic  remains  partly  related  to  those  of  the  underly- 
ing system  and  in  part  distinct  from  them.  For  this  system,  the 
essential  equivalent  of  the  German  Dyas  and  of  the  English 
Magnesian  Limestone,  Murchison  in  1841  proposed  the  name 
Permian  (from  the  Russian  Gouvernement  of  Perm),  and  this 
name  was  promptly  adopted  by  geologists. 

In  eastern  North  America  the  Permian  is  of  scant  development, 
and  the  series  of  coal-bearing  sandstones  and  shales  which  repre- 
sent it  (Dunkard  series)  was  originally  united  with  the  underl3dng 
Carbonic  formations,  and  is  called  Permo-Carboniferous.  The 
extended  studies  of  the  upper  Palaeozoic  rocks  of  Kansas  by 
Prosser  and  others,  and  of  the  great  limestones  of  the  southwest 
(Guadaloupian  series)  by  Girty  and  others,  has  shown  that  the 
Permian  system  is  well  developed  in  western  and  southern  North 
America.  Recent  studies  in  Idaho,  Wyoming,  and  Utah  have 
shown  that  rocks  of  this  age  carry  important  deposits  of  phos- 
phate of  lime,  while  in  Kansas  enormous  beds  of  rock-salt  are 
found  to  form  a  part  of  the  Permian.  This  system  has  become 
well  established,  though  some  American  as  well  as  European 
geologists  unite  it  with  the  Carbonic  and  Mississippian  formations 
into  the  Anthracolitkic  system. 

As  the  Permian  system  is  most  completely  and  typically  de- 
veloped in  Europe,  and  because  it  has  been  more  thoroughly 
studied  there  than  elsewhere,  we  shall  consider  its  development 
in  that  continent  first. 

The  Permian  of  Europe 

It  will  be  remembered  that  the  close  of  the  Carbonic  witnessed 
the  pronounced  folding  of  the  beds  of  that  system  and  the  addition 
of  these  folds  to  the  mountain  ranges  which  divided  Europe  into  a 
northern  and  a  southern  basin  (Fig.  1427).  The  Armorican  diain 
on  the  west  and  the  Variscian  chain  on  the  east  constituted  the 
most  pronounced  topographic  elements  of  these  systems.  Even 
during  the  Carbonic,  as  we  have  seen,  the  northern  basin  was 
distinct  and  subjected  to  a  gradual  emergence  by  the  withdrawal 
of  the  sea  eastward,  while  over  the  emerged  region  coal  swamps 
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came  into  existence  and  continental  sedimentation  prevailed.  With 
the  opening  of  Permian  time  these  continental  sediments  continued 
to  form,  but  because  of  the  greater  elevation  of  the  bounding 
mountain  chains,  which  then  shut  out  the  moisture-bearing  winds, 
the  formation  of  coal-swamps  had  come  to  an  end,  and  the  climate 
of  this  basin  became  more  and  more  arid.  As  a  result  the  vegeta- 
tion finally  became  very  scant,  except  probably  in  the  higher 
regions  of  the  mountains  and  on  their  windward  slopes,  where  the 
early  coniferous  trees  flourished  and  developed  new  genera  and 


TREND  OF  EUROPEAN 
CARBONIC  MOUNTAINS 

Showing  StriKt 
CmI  Ik^Ms. 


Fig.  1427.  —  Outline  map  of  western  Europe,  showing  the  trends  of  the 
Armorican  and  Variscian  mountain  chains  of  late  Palieozoic  time.  The  areas 
in  which  these  older  folded  Palieozoic  rocks  appear  to-day  are  shaded,  the  lines 
indicating  the  strike  of  the  strata.  Areas  where  coal  deposits  are  found  are 
shown  in  black.    (Modified  from  Kayser.) 


spedes.  The  lower  slopes  of  the  mountains  on  the  northern  or 
leeward  side,  however,  probably  became  barren  of  vegetation,  and 
there  rapid  disintegration  of  the  rocks  was  taking  place.  This  dis- 
integration furnished  sands  and  finer  rock  material  which,  remain- 
ing exposed  for  long  periods  of  time,  had  its  disseminated  iron 
thoroughly  oxidized  by  the  air  which  filled  the  spaces  between 
the  particles,  there  being  little  or  no  water  to  occupy  these  spaces 
as  is  the  case  in  regions  of  a  moister  climate.  At  infrequent  in- 
tervals heavy  rains  in  the  mountains  caused  torrents  of  water  to 
rush  down  their  bare  northern  slopes,  and  these  washed  away 
much   of   the  disintegrated   and    thoroughly   oxidized   material 
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which  finally  came  to  rest  in  the  bottom  of  the  mountain-enclosed 
basin.  There  this  material  accumulated  as  river-laid  and  some- 
times wind-modified  deposits  of  sand  and  mud  of  considerable 
thickness. 

Long  after,  when  these  beds  were  buried  by  yoimger  deposits  and 
underwent  a  process  of  aging  within  the  crust  of  the  earth,  their 
color,  at  the  time  of  deposition  probably  a  light  yellow  or  ochery 
tint,  changed  to  red,  as  bricks  molded  from  yellow  day  change 
to  red  on  burning,  this  process  driving  off  the  water  originally 
combined  with  the  iron  oxide  and  changing  that  oxide  to  the  an- 
hydrous state  in  which  its  color  is  red  (hematite).  That  is  why 
these  older  Permian  beds  of  northern  Europe,  especially  those  of 
England,  northern  France,  and  Germany,  are  now  mainly  red 
sandstone  and,  as  they  form  the  basal  part  (German,  Liegendes) 
of  the  Permian  deposits  of  that  region,  they  have  become  familiarly 
known  as  the  Roihliegendes,  which  means  red  basal  series.  These 
deposits  are  now  found  over  most  of  the  basin,  i.e.,  in  England, 
northern  France,  and  Germany,  while  within  the  chains  of  the 
Armorican  and  Variscian  mountains,  that  is,  in  the  intermontane 
valleys  and  even  on  the  eastern  and  northeastern  slopes  of  the 
Variscian  chain,  such  intermontane  deposits  formed  the  older  Per- 
mian red  beds  of  the  regions  which  now  constitute  the  border 
of  the  central  plateau  of  France.^ 

The  Rothliegendes  is  divisible  into  a  lower  series  ranging  in 
thickness  up  to  406  meters  or  more,  and  an  upper  series  reaching 
in  places  a  thickness  of  500  meters.  Its  distribution  ranges  from 
Commentry  in  France,  to  SUesia  on  the  one  hand,  and  to  western 
England  on  the  other.  They  form  the  older  red  beds  of  the  Vosges 
Mountains  and  the  other  horsts  of  this  type  (Fig.  1428),  and  in 
the  dry  moat  of  the  ancient  Heidelberg  castle  on  the  Rhine  they  can 
b6  seen  to  lie  directly  upon  the  granite. 

In  many  sections  where  moisture  still  prevailed  at  the  beginning 
of  the  period,  coal  beds  were  formed  and  now  constitute  a  part 
of  the  lower  Rothliegendes.  But  in  all  cases  the  higher  beds  are 
free  from  coal  and  are  of  a  red  color.  In  western  England  these 
continental  beds  are  without  coal,  about  3000  feet  thick,  and  mostly 


1  These  Permian  red  beds  must  not  be  cxtnfused  with  the  younger  Triasaic  red  beds 
which  nearly  everywhere  overlie  them  in  this  region,  and  which  can  be  distinguished 
chiefly  by  the  few  fossils  which  they  contain  except  where  calcareous  or  other  beds 
separate  the  two  series. 
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red  in  color.  Frequently  beds  of  more  or  less  angular  fragments 
(brecciated  beds)  of  older  rocks,  derived  paxtly  from  the  Scottish 
uplands  and  partly  from  other  sources,  are  inclosed  in  the  series. 
In  eastern  England,  however,  the  series  is  only  a  few  hundred  feet 
thick,  and  is  generally  indistinguishable  from  the  New  Red  Sand- 
stone, which  is  of  Triassic  age. 

While  these  sands  were  being  spread  over  the  dry  basin  of  north- 
em  Europe  and  the  valley-bottoms  within  the  mountains,  often  in- 
closing tnmks  and  branches  of  the  coniferous  trees  which  fringed 


Fic.  141S.  —  Middle   Permiao   sandstone,   showing  torrential  stratification. 
Champenay,  Alsace.     (After  Haug.) 

the  motmtain  tops  and  which  were  washed  down  during  excep- 
tionally violent  floods,  the  sea  still  lingered  in  eastern  Europe  where 
the  Ural  mountain  chain  had  begun  to  rise,  and  it  also  lingered 
in  the  Mediterranean  basin  to  the  south  of  the  Palaeozoic  moun- 
tain chain. 

The  depoMts  which  were  forming  along  the  western  flanks  (rf 
the  rising  Ural  Mountmns  in  Russia  consist  of  an  alternation  (rf 
sandstones,  often  variously  colored,  and  of  limestones  and  shales. 
The  sandstones  are  chiefly  continental  deposits  and  represent  the 
extensive  wash  of  detritus  from  the  mountains.  They  inclose  the 
remains  of  land  animals  and  of  plants  similar  to  those  found  farther 
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west.  The  limestones  contain  marine  fossils  which  are  still  closely 
related  to  those  found  in  the  underl3dng  Carbonic  strata.  These 
deposits  form  the  Artinskian  series,  and  they  are  succeeded  by 
other  marine  limestones  and  by  dolomites  (Kungurian  series)^ 
which  show  that  the  sea  continued  to  linger  in  this  region  while 
the  red  beds  were  forming  in  the  basin  farther  west.  But  the  in- 
fluence of  the  withdrawing  sea  was  felt  even  here,  for  these  marine 
beds  are  succeeded  by  red  beds  and  by  other  strata  with  fresh- 
water moUusks  and  plant  remains,  but  with  occasional  marine 
layers  intercalated  in  the  series,  so  that  it  is  clear  that  the  sea  was 
still  present  in  the  neighborhood.  It  was  this  sea  which,  during 
a  temporary  reexpansion,  entered  the  North  European  basin  and 
formed  the  Zechstein  formation  with  its  salt  deposits,  as  we  shall 
see  presently. 

In  the  Mediterranean  basin,  which  included  the  xegion  now 
dominated  by  the  modem  Alps  which  were  then  non-existent, 
marine  waters  also  persisted  throughout  Permian  time.  But  along 
the  northern  border  of  this  southern  basin,  which  was  in  part 
formed  by  the  southern  and  eastern  slopes  of  the  Varisdan  moun- 
tain chain,  waste  from  the  mountain  slopes  accumulated,  in  part 
forming  alluvial  fans  above  sea-level,  though  the  margins  of  these 
fans  extended  into  the  sea.  Wherever  the  sweep  of  those  ancient 
Alpine  Mountains  (which,  it  must  be  remembered,  lay  north  of 
the  present  Alps)  formed  a  protected  embayment,  from  which 
the  moisture-bearing  winds,  coming  chiefly  from  the  west  or  south- 
west, were  excluded  by  the  height  of  these  mountains,  the  sands 
of  the  alluvial  fans  were  oxidized  and  as  a  result  are  to-day  red 
beds.  They  are  now  seen  as  red  sandstones  and  conglomerates  in 
Switzerland  and  northern  Italy,  and  sometimes  reach  a  thickness 
of  900  meters.  After  their  deposition  they  were  covered  by  the 
advancing  waters  of  the  Mediterranean  and  great  beds  of  marine 
limestone  were  deposited  {BeUerophan  limestone).  All  of  these 
beds  were  later  folded  and  broken  by  the  disturbances  which 
created  the  modem  Alps  out  of  a  low-lying  sea-margin  or  sea- 
bottom  country,  and  erosion  since  the  birth  of  the  Swiss  and  Italian 
Alps  has  again  removed  a  considerable  portion  of  these  rocks,  so 
that  to-day  we  find  only  scattered  remnants  of  them.  But  that 
this  was  once  a  great  continuous  series  admits  of  no  doubt. 

Probably  the  most  important  event  of  Permian  time  in  Europe 
was  the  transgression  of  the  sea  in  the  second  or  middle  period  of 
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the  Permian,  which  is  indicated  by  the  presence  of  the  marine 
limestones  above  the  red  beds  of  southern  Europe.  It  was  an 
echo  of  this  transgression  which  caused  the  Russian  Sea  to  extend 
westward  and  fill  the  North  European  desert  basin  with  marine 
waters.  Such  an  event  would  occur  to-day  were  the  modem 
Mediterranean  Sea  to  rise  and  flood  the  Sahara  desert.  This  ad- 
vent of  the  sea  in  northern  Europe  was  a  slow  one,  for  it  first 
entered  the  old  and  mostly  dry  river  channels  which  dissected  the 
sands  of  the  desert  basin.  This  is  shown  by  the  fact  that  at  first 
the  marine  beds  have  a  very  sporadic  and  limited  distribution,  in- 
stead of  covering  the  whole  area  as  a  continuous  sheet,  while  in  many 
places  dune  sands  formed  the  margins  of  the  old  river  channels. 
In  some  of  these  old  deeper-lying  regions  between  the  dimes,  re- 
garded as  the  old  river  channels,  there  is  another  very  remarkable 
deposit.    This  is  a  black  mud-rock,  never  more  than  a  few  feet 


Fig.  1429.  — PdUEoniscus  freieslebeni  (Xi),  an  Upper  Permian  (Zechstein)  fish. 

(After  Kayser.) 

thick,  but  filled  with  the  flattened  and  often  beautifully  preserved 
bodies  of  fish  {Palaoniscus  freieslebeni,  Fig.  1429 ;  and  Plaiysomus^ 
Fig.  1430)  and  plant  remains  {UUmannia,  Fig.  1431),  and  oc- 
casionally the  bones  of  saurians.  Moreover,  this  black  mud  is 
rich  in  minute  grains  of  copper  sulphide,  so  much  so  that  the  de- 
posit, in  spite  of  its  thinness,  has  been  an  important  source  of 
German  copper  for  many  centuries.  Its  productivity  may  be 
judged  from  the  fact  that  from  1904  to  1906  it  yielded  from  18,000 
to  20,000  metric  tons  of  copper  per  annum,  or  about  f  of  the  total 
copper  production  of  Germany  for  that  period.  During  the  recent 
war  it  has  of  course  been  of  even  greater  importance,  but  figures 
as  to  the  quantity  of  copper  obtained  from  it  are  not  available. 

What,  then,  is  the  origin  of  this  remarkable  deposit,  which  lies 
directly  upon  the  old  desert  sands,  the  red  beds,  and  is  covered 
by  marine  limestones,  the  2^chstein?  The  most  reasonable  ex- 
planation seems  to  be  that  the  muds  and  copper  salts  were  brought 
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by  the  rivers  from  the  uplands,  and  that  these  regions  constituted 
lagoons  and  estuaries  which  had  come  into  existence  with  the  re- 
vival of  river  activity  as  the  climate  of  the  region  became  moister, 
probably  because  of  the  widespread  transgression  of  the  sea.  The 
fish  in  all  probability  were  inhabitants  of  the  rivers,  and  as  the 
first  mundation  of  the  salt  sea  reached  this  district  they  were  de- 
stroyed by  millions,  not  having  become  as  yet  adapted  to  life  in  the 
salt  water.  It  may  be  that  at  first  the  salt  water  entered  these 
lagoons  only  at  intervals,  long  enough  to  cause  the  death  of  the 
fish,  and  that  then  the  basins  remained  as  stagnant  pools  in  which 
the  decaying  fish  bodies  formed  conditions  for  chemical  reactions, 
which  caused  the  precipitation  of  the  cop- 
per salts  originally  held  in  solution  in  these 
waters,  the  sulphur  probably  being  obtained 
from  the  sulphates  in  the  sea-water.    This 
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Fic.  1430  —PUaysomus  gMxisiu  (XI),  an  Upper      Permian      (Zecbstein) 
Pemuan  (Zechstem)  fish      (After  Kayser.)  conifer.     (After  Kayser.) 


process  was  similar  to  the  formarion  of  iron  sulphide  along  the 
mud-fiats  of  the  modem  seacoast,  where  decaying  organic  matter 
and  bacterial  activities  favor  such  chemical  reactions. 

With  continued  transgression  the  sea  finally  filled  the  north 
European  basin,  extending  as  far  west  as  eastern  England,  where 
the  Magne»an  Limestone  preserves  the  record  of  its  presence  and 
of  its  life  (Fig.  1432).  In  western  England,  however,  sands  con- 
tinued to  be  deposited,  and  this  was  true  also  to  some  extent  in 
northern  France.  Hence  in  these  regions  the  marine  limestones 
are  replaced  by  continental  or  estuarine  beds,  still  red  in  large 
part  and  showing  that  in  spite  of  the  transgressing  sea  aridity  con- 
tinued to  prevail  in  the  western  part  of  the  basin. 
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layer  which  protected  them  from  re-solution  when  the  sea  once 
more  flooded  this  basin.  Again,  however,  the  free  supply  of  sea- 
water  was  cut  ofiF  and  evaporation  recommenced,  so  that  a  second 
series  of  anhydrite  deposits  was  formed,  followed  again  by  rock- 
salt  and  finally  by  the  more  soluble  potash  and  other  salts.  With 
this  second  flooding  of  the  basin  the  marine  organisms  again  entered 
it,  but  were  once  more  killed  as  the  water  became  dense  by  evapora- 
tion. Hence  we  find  that  this  entire  series  of  deposits  contains 
fossiliferous  horizons  only  at  the  base  of  the  series,  and  between 
the  two  salt  series.  After  the  second,  evaporation  period  the 
basin  remained  for  a  long  time  the  site  of  continental  deposits, 
these  forming  the  Lower  Triassic  series  (Bunter  Sandstein)  of  the 
early  Mesozoic. 

The  Permian  of  North  America 

Eastern  North  America  still  remained  the  site  of  continental 
sedimentation  in  Permian  time,  but  it  appears  that  the  region 
continued  to  be  subjected  to  the  moist  climatic  conditions  which 
prevailed  in  Pennsylvanian  time,  so  that  the  Permian  deposits 
(Dunkard  series)  are  essentially  similar  to  those  of  the  underlying 
Pennsylvanian,  inclosing  many  coal  seams,  most  of  them  very 
thin  and  unimportant.  In  the  Kansas  basin  east  of  the  Rocky 
Mountain  protaxis  the  marine  conditions  which  existed  in  Penn- 
sylvanian time  also  continued  into  the  Permian,  so  that  the  de- 
posits and  marine  faunas  of  the  later  period  do  not  differ  essen- 
tially from  the  older  ones.  In  this  respect  they  correspond  to 
the  older  Permian  deposits  of  Russia,  and  their  Permian  age 
is  recognized  only  by  the  plant  remains  which  characterize  the 
coal  beds  of  the  continental  deposits  with  which  the  marine 
strata  continued  to  be  intercalated  for  a  time.  Along  the  western 
side  of  this  basin,  however,  red  beds  represent  this  series,  and 
these  probably  were  oxidized  sands  deposited  in  more  or  less 
enclosed  intermontane  basins,  into  which  the  sea  entered  only 
occasionally.  When  it  did  so,  it  left  gypsum  as  a  precipitation 
product ;  but  salt  does  not  appear  to  have  been  deposited  in  these 
districts. 

Marine  conditions  did  not  continue  throughout  Permian  time 
in  the  Kansas  basin,  but  during  the  later  part  of  this  period  its 
former  southern  connection  with  the  Cordilleran  Sea  on  the  west 
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was  interrupted.  In  the  basin  thus  isolated  great  salt  deposits 
were  formed,  in  places  as  much  as  600  feet  thick,  and  at  first  sight 
it  would  appear  that  we  have  here  a  series  analogous  to  that  of 
northern  Europe  and  that  here,  as  there,  potash  salts  should  be 


Fig.   1435.  —  ^^P  showing  the  outcrops  of  the  Permian  rocks  in  North 

America.    (After  Bailey  Willis.) 

found,  at  least  locally.  This  apparent  similarity  is,  however, 
destroyed  by  the  fact  that  there  seems  to  be  no  great  continuous 
gypsum  or  anhydrite  series  beneath  the  salt  deposits  such  as  is 
found  in  Germany  and  such  as  should  underlie  all  normal  salt 
deposits  formed  by  evaporating  sea- water  (see  Pt.  I,  p.  234).  The 
absence  of  such  sulphate  beds  seems  to  indicate  that  the  Kansas 
salt  beds  are  of  desert  origin,  i.e.,  deposits  of  salt  derived  from 
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connate  waters,  and  that  hence  potash  salts  are  not  to  be  expected. 
None  have  as  yet  been  found,  but  it  may  be  that  further  explora- 
tion will  reveal  the  presence  of  g3rpsum  beds  beneath  some  portions 
of  the  salt  and  so  render  more  hopeful  the  exploration  for  potash 
deposits.  The  salt  series,  as  well  as  the  marine  beds  where  the 
salt  is  absent,  are  covered  by  red  beds  which  appear  to  have  been 
spread  over  this  region  by  sand-bearing  streams  from  highlands 
which  existed  on  the  southeast  (Oklahoma,  etc,  see  map,  Fig. 

1436). 
Throughout  the  Cordilleran  geos3nicline,  on  the  other  hand, 

marine  conditions  apparently  prevailed  during  much  of  Permian 
time,  for  here  we  have  extensive  deposits  of  marine  sediments, 
partly  limestones,  which  represent  this  system.  Much  terrigenous 
material  was  also  carried  into  this  trough,  partly  by  streams  from 
the  Rocky  Mountain  land  mass,  and  some  of  these  terrigenous 
deposits  accumulated  above  sea-level.  An  important  feature  of 
these  western  Permian  sediments  is  the  presence  in  them  in  Idaho, 
Wyoming,  and  Utah  of  phosphate  beds,  sometimes  of  great 
thickness.  The  origin  of  these  deposits  is  not  as  yet  well  under- 
stood. 

Finally,  we  must  note  a  remarkable  series  of  beds  referred  to 
the  Permian,  which  is  found  in  the  Trans-Pecos  region  of  Texas 
and  in  New  Mexico.  Here  beds  of  undoubted  Peni^ylvanian 
age  (Hueco  formation)  are  succeeded  by  sandstones  in  the  northem 
and  more  generally  by  limestones  in  the  southern  region,  these 
constituting  the  Delaware  Mountain  series  which  has  a  thickness 
of  over  2000  feet.  Above  this  series  lie  about  1800  feet  of  lime- 
stones {Capitan  limestone)  and  these  two  series  form  the  Guadd" 
loupian  group.  This  is  followed  by  several  thousand  feet  of 
sandstones  with  some  limestones,  and  these  in  turn  by  red  beds, 
often  with  extensive  gj^simi  deposits. 

The  fossils  found  in  the  Guadaloupian  series  are,  on  the  whole, 
quite  distinct  from  any  that  are  known  elsewhere  in  the  American 
Permian,  though  some  of  the  types  have  been  found  in  beds  in- 
volved in  folds  of  the  Klamath  Moimtains  of  California.  They 
have  a  number  of  forms  in  common  with  the  Permian  beds  of 
India  and  parts  of  the  Mediterranean  basin.  As  these  beds  seem 
to  grade  laterally  into  shore  deposits  or  into  lagoonal  sediments 
(gypsiun  beds)  when  traced  northward,  it  would  appear  as  if  they 
were  formed  in  a  Pacific  embajrment  which  lay  to  the  south  of  the 
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Kansas  and  main  CordiUeran  basins,  and  which  was  practically 
separated  from  them  (Fig.   1436).    This  would  account  for  the 


1 

n 

J 

^^^^^^^B^\i^bV^^  j-^'' 

^J 

fl] 

VI^BP 

m — ui 

Fig.  1436.  —  Pilcogeognphic  map  of  North  America,  showing  the  probable 
diitribulion  of  land  and  water  (black)  in  Penman  time.     (Original.) 

distinctness  of  the  fauna.  The  relationship  is  as  yet,  however, 
only  partly  understood.  It  is  not  impossible  that  the  Guada- 
loupian  beds  are  the  marine  strata  deposited  during  the  period 
of  salt  formation  (undoubtedly  a  long  period)  in  the   Kansas 
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basin,  for  this  salt  lies  between  the  fossiliferous  beds  of  that 
region  and  the  red  beds  (Cimarron  series)  which  follow.  If 
that  is  the  case,  the  possibility  that  the  salts  of  Kansas  are 
lagoonal  deposits  from  sea-water  looms  up  strongly. 

The  Permian  of  Asia 

*  In  northwestern  India  (Salt  Range)  a  very  extensive  series  of 
strata  represents  the  deposits  of  Permian  time.  They  begin  with 
an  old  glacial  tillite,  lo  to  40  meters  in  thickness,  which  rests  un- 
conformably  upon  Cambrian  beds.  This  is  followed  by  an  alternat- 
ing series  of  marine  and  continental  beds  (200  meters),  above  which 
lie  limestones  characterized  by  various  species  of  the  brachiopod 
Productus  {Productus  limestone) ,  with  a  maximum  thickness  of 
266  meters,  and  this  is  followed  by  beds  of  Lower  Triassic  age, 
probably  with  a  break  in  sedimentation  between  the  two.  It  has, 
however,  been  held  that  the  lower  and  middle  Productus  limestones 
are  of  Pennsylvanian  age,  while  the  upper  Productus  limestone 
(100  meters)  is  of  the  age  of  the  Lower  Permian  (Artinskian)  of 
Russia.  This  would  imply  a  considerable  hiatus  between  this 
series  and  the  overlying  Triassic,  and  would  place  the  glacial  tillite 
in  the  Lower  Pennsylvanian  or  in  the  Missisdppian.  The  problem 
evidently  requires  further  study. 

Permian  deposits  are  also  known  from  Armenia,  Persia,  Tibet, 
Yunnan,  Nanking,  Timor,  and  elsewhere  in  South  Asia,  but  they 
have  been  only  partly  investigated. 

The  Glacial  Deposits  of  Permian  Age 

We  have  noted  that  the  Permian  of  India  begins  with 
an  old  tillite  or  consoUdated  glacial  deposit  with  scratched  and 
poUshed  boulders  and  pebbles  which  rests  upon  the  Cambrian 
beds,  and  is  succeeded  by  sands  and  clays  apparently  of  fluvio- 
glacial  origin  and  later  by  marine  sands  and  the  Productus  lime- 
stone. In  the  interior  of  the  Indian  peninsula  a  similar  tillite, 
but  ranging  to  600  meters  or  more  in  thickness  {Talchir  con- 
glomerate) ^  forms  the  base  of  a  great  series  of  continental  deposits, 
the  upper  part  of  which  is  of  Mesozoic  age.  The  tillite  rests  upon 
a  striated  and  polished  suriace  of  older  rock  similar  in  all  respects 
to  the  striated  rock  surfaces  found  beneath  our  latest  still  imcon- 
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solidated  gladal  deposits.    The  movement  of  the  ice  in  this  region 
seems  to  have  been  from  the  south  northward,  or  away  from  the 
equatorial  region  of  to-day.    Above  the  tillite  follows  a  aeries  of 
sandy  beds,  and  higher  still,  sandy  and  con- 
glomeratic strata  with  some  coal  beds  and 
plant  remains,  chief  among  which  are  the  re- 
markable fem-like   types  GlossopUris  (Fig. 
1437)  and  Gangamopteris.    Above  this  follow 
beds  referred  to  the  Triassic. 

A  second  series  of  gladal  deposits  belong- 
ing to  this  era  is  found  in  South  Africa  (Ci^ 
Land,  Transvaal,  Rhodesia,  extending  to 
Nyassa  land).  This  is  the  so-called  Dwyka 
conglomerate,  which  rests  upon  folded  and 
eroded  older  rocks,  the  surface  of  whidi  also 
shows  polishing  and  striation  of  the  glacial 
type  (Fig.  1438).  The  Dwyka  tiUite  ranges 
up  to  350  meters  in  thickness,  and  represents 
a  record  of  extensive  gladation.  From  the 
diaracter  and  original  home  of  the  rock  frag- 
ments inclosed  in  it,  it  appears  that  the 
glacial  movement  in  this  region  was  south- 
ward, that  is,  from  the  region  of  the  present 
equator  toward  the  present  South  Pole.  In- 
tercalated in  the  tillite  are  bedded  sands  and  iJiJ"\ 
conglomerates  such  as  are  found  in  the  till  mitm,  New  Soutb 
of  the  last  glacial  period,  and  which  were  W«lej  a  single  fKmd, 
,  ...  ■  ,      .  ,  ono-third  natural  me. 

formed  by  mUrmittent  glacial  waters.  Im-  (Alter  Steinmann.) 
mediately  above  the  Dwyka  tillite  follow 
sandstones  and  shales  {Ekka  beds)  with  the  characteristic  plants 
GlossopUris  and  Gangamopteris,  with  Newopieris  and  Sigillaria, 
and  with  remains  of  amphibia  and  reptiles.  The  beds  succeeding 
these  deposits  are  generally  referred  to  the  Triassic.  The  whole 
series  of  continental  sediments  is  called  the  Karoo  formation. 

A  third  occurrence  of  Permian  glacial  deposits  is  found  in 
Australia  (Victoria,  New  South  Wales,  and  Queensland)  and  in 
Tasmania  and  New  Zealand.  In  Victoria  the  basal  tillite  rests 
unconformably  upon  Mississippian  or  older  beds  and  has  a  thick- 
ness exceeding  400  meters  in  places.  This  tillite,  too,  contains 
scratched  and  polished  boulders  and  pebbles.    It  is  followed  by 
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coal-bearing  sandstMKS,  in  which  ChssopUris  and  GangamopUns 
again  occur.  In  Queensland,  and  espedally  in  New  South  Wales, 
the  series  which  follows  upon  the  Mississippian  strata  consists  oS 
coal-bearing  non-marine  beds,  with  the  remains  of  the  dossopttris 
flora  and  with  many  marine  intercalations  which  contain  Pro- 
ductus,  Spirijer,  and  other  brachiopods,  and  indude  perished  and 
striated  facial  pebbles.  This  marine  series  sometimes  readies 
a  ttiirkfHMw  of  I300  meters,  and  is  followed  by  the  fTetocasUe  coal 
series  (300  to  500  meters  thick)  in  which  the  flora  already  ^ows 


Si^^i 

hV^^Sia  *^,^^-  '■'       ''  ^^^jfftOSB^w 

Fig.  1438.  —  Section  of  the  Dwyka  boulder-day  at  Prieska,  northwestern 
part  oC  Cape  Colony,  Africa.  (After  Hatch  and  Corstorphine,  Geology  a}  Sauik 
Africa.) 

Mesozoic  affinities.  The  transportation  of  the  glacial  deports 
in  South  Australia  appears  to  have  been  from  south  to  north. 

Andent  glacial  deposits  of  this  type  are  known  from  Brazil 
(Rio  Grande  do  Sul,  See  Fig.  360a,  p.  435,  Pt.  I,  glacial  pebble, 
Brazil).  Here,  too,  they  are  followed  by  coal-bearing  sandstones 
with  the  GlossopterU  flora.  In  Argentine  these  Glossopieris  beds 
rest  directly  and  unconformably  upon  older  Paleozoic  or  pre- 
Palsozoic  rocks  and  are  covered  by  sandstones  of  Triassic  age. 

The  difficulty  in  the  interpretation  of  these  gladal  deposits 
lies  in  their  position  partly  within  the  modem  equatorial  belt,  and 
the  evidence  shown  in  India  on  the  north  and  in  South  Africa  on 
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the  south  of  the  movement  of  the  ice  away  from  the  equator.  In 
Australia,  where  the  movement  was  toward  the  equator,  the  glacial 
deposits  were  evidently  formed  dose  to  sea-level  or  beneath  it, 
unless  the  glacial  pebbles  represent  a  secondary  inclusion  in  marine 
deposits.  Among  the  explanations  which  have  been  o£Fered  are, 
first,  the  universal  lowering  of  the  temperature  of  the  whole  earth 
at  this  time,  so  that  ice  could  acciunulate  even  in  the  equatorial 
regions  and,  second,  a  di£ferent  position  of  the  earth's  axis  at  that 
time,  so  that  one  of  the  poles  came  to  lie  within  the  Indian  Ocean 
near  to  the  present  equator.  Both  explanations  meet,  however, 
with  great  difficulties  and  the  problem  must  be  considered  as  still 
far  from  being  solved.  Other  explanations  have  been  o£Fered, 
such  as  change  in  ocean  currents,  change  in  winds  due  to  the 
formation  of  new  mountains,  etc.,  but  all  of  these  have  been  shown 
to  be  inadequate  causes  to  produce  such  extensive  gladation 
(Davis).i 

It  should  be  noted  that  the  positive  evidence  of  gladation  in 
late  Palaeozoic  time  was  restricted  to  the  southern  hemisphere, 
except  in  the  case  of  India.  There  are,  however,  in  North  America 
boulder  beds  which  have  been  regarded  as  of  glacial  origin  (Boston 
and  Narragansett  basins),  and  scratched  pebbles  have  been  re- 
ported from  regions  still  farther  north  (Prince  Edward  Island). 
Boulder  beds;  possibly  of  glacial  origin,  are  known  from  England 
as  well.  None  of  these  are,  however,  positively  recognized  as 
true  glacial  deposits. 

General  Characteristics  of  the  Permian  Fauna  and 

Flora 

Marine  and  River  Faunas 

The  marine  animals  of  Permian  time  were  not  very  dififerent  from  those  of 
the  preceding  Carbonic  era.  The  Fusidina  types  of  Foraminifera  continue,  and 
a  few  corals  still  occur  (especially  in  India).  Bryozoa  (Fenesklic,  Polypora, 
Phylloparaf  Acanihocladia  (Figs.  1439,  1440)  are  abundant  and  often  reef- 
forming.  Productus  is  the  most  typical  among  the  brachiopods,  especially 
common  being  the  long-spined  P.  horridus  (Fig.  1433).  There  are  also  sev- 
eral related  genera,  AulosUges,  Strophalosia,  Oidhamia,  etc.  (Figs.  1441-1443), 

^  The  late  Professor  Koken  reconstructed  a  map  of  Permian  geography  in  which  he 
placed  the  South  Pole  in  the  Indian  Ocean  Qong.  8o<*  E.,  lat.  20**  S.  and  the  North  Pole 
in  Mexico,  long.  loo''  W.,  lat.  20®  N.).  This  is  confessedly  only  an  attempt  to  explain 
the  gladal  conditions  on  the  hypothesis  of  polar  displacement  and  must  not  be  taken 
as  fully  accepted  even  by  its  author. 
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Flo.  1439. — Penesldla  rtUftm^,  Fio.  1440.  —  Acanlkucladia  ancept, 

an  Ui^r  Permuui  (Zecbsteiii)  btyo-      bd  Upper  Permian  (Zechstein)  bryo- 
KWD.    (Aftn  KayKT.)  sosn.    (After  Kaysei.) 


Fia.  1441.  — Atdasttges  gii 
EuropeoD  and  A^tic  P< 
bnuJiiopod.    (After  Kayser.) 


Fio.  144^-— Slropkatotia  geld/usti, 
a  characteristic  Permian  bracbiopod 
of  Eatopt.    (After  Kayser.) 


Fio.  1443  — a,  b,  Oldkarma  iecipiens,  an  aberrant  form  of  braduopod: 
(a,  internal  view  of  the  ventral  valve;  6,  median  s^tum  of  the  dorsal  valve  with 
lateral  septa).  Produclus  limestone,  Permian,  ^t  Range  of  India.  (After 
Haug.) 
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which  are  most  chancUriitic  of  the  Penniui.  EspedaUy  ^ical  of  the 
Mediterraneaii,  Indian,  and  southwest  American  (Guadaloupian)  Pemuan 
are  certain  brachiopods,  which  from  being  pennanently  attached  have  suffered 
a  grotesque  diatortioii  in  growth  until  they  resemble  coials  more  than  btmcUo- 


FiG.  1445.  —  Teguliftra  defannU, 
a  Permian  biachiopod  of  aberrant 
growth.    (After  Eaysei.) 


Flo.  1444. — Richlluifrma  lawrttt- 
ciana,  a  brachiop^  of  aberrant 
growth;  a,  exterior;  b,  section  of  the 
larger  valve  (Xi).  Producha  lime- 
stone, Permian,  Salt  Range  of  ladia. 
(After  Waagen.) 


pods  (RiclMofenia,  Fig.  1444;  Tepdifera,  Fig.  1445).  Among  pelecypods 
the  genera  Gertilltia,  Myalina  (Figs.  1446,  1447)  and  Pseudimotuitis  (Figs. 
1448  a,  b)  Bie  most  characteristic,  and  among  gtMropoda  Belitropkon  and 
some  others  (Figs,  i^g,  1450).  These  mollusks  are  not  very  different  in. 
character  from  the  Carbonic  types.  The  caphalapods,  too,  are  partly  Uke 
those  of  the  Carbonic,  but  in  addition  there  are  a  number  of  ammonoids 


Fig.  14^6.  —  GtnUkia  ceratofkago,  Fio.  1447.  —  Myalina  luuanianni, 
an  Upper  Permian  (Zechstein)  pele-  an  Upper  Permian  (2!echstein}  pele- 
cypod.     (After  Kayser.)  cypod.     (After  Kayser.) 

wliich  show   marked  advance  in  development  over  the  Carbonic  goniatites, 
having  ceratitic  or  even  ammonitic  sutures  i^aa%aioctras,  MedtkoUiii,  Fig. 
1451;  Cyclolobus,  Fig.   1451;    PopatuKcrai,  Fig.   145J,  etc.).    The  Carbonic    . 
genera  of  trilobitea  pc:^ist   into  the  Permian,  and  then  the   race  dies  out 
completely.     Echlnodenns  are  rare. 

Flshei  appear  still  to  be  most  abundant  in  the  rivers,  for  their  remains  are 
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FlG.  1448.  —  PenDo-Carbonic  pelecypods  of  North  America,  a,  Psttido- 
monotU  kantasensis  with  section  (X|),  Carbonic  and  Permian,  Colorado, 
Kansas;  b,  PsetidittHinioUs  hawni  {Xt)i  Carbonic  and  Pennian,  Colorado,  and 
Kansas;  c,  Myalina  subquadrata,  right  valve  (Xi),  Carbonic,  Colorado, 
and  Permian,  Kansas;  d,  Amculopiniui  peracuta,  ngbt  and  dorsal  views  (Xi), 
Carbonic  of  North  America,  Permian,  Kansas;  e,  Clianemya  Itavemvorthimii, 
left  and  dorsal  views  (X|),  Carbonic,  Illinois,  Iowa,  Cobrado,  etc.,  Permian, 
Kansas;.  /,  AUorisum  ttrnunak,  left  and  dorsal  views  (X|),  Carbonic  througb- 


it  the  United  States,  Pent 


^ 


Fig.  1441J- — Euomphalui  calillmdts.  Fig. 1450. — Sphtzrodoma  intercalare, 

Permian  of  the  central  United  States.  Permian  of  Nebraska.      (Occurs  also 

(Occurs     also     in     Coal-measures.)  in  the  Coal-measures  of  the  eastern 

a.F.)  United  SUtes.)     (I.  F.) 
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chiefly  found  in  deposits  of  Suvial  origin.     There  may,  however,  have  been 
maiine  types  as  well.    Most  of  them  were  ganoids.    The  two  most  typical 


Fic.   1451.  —  Permian  ammonites,     a-c,  Mcdikallia  copii;  d-e,  Waagenoctraa 
cumimHsi;  f.W.hiUi.mtmt.     <After  J.  P.  Smithfroml.F.) 


genera  found  in  the  north  European  Permian  have  already  been  referred  I 
(p.  511).     Several  sharks  also  occur. 


Fig.  14S3.  ~  CycMobm  stachii  (Xf), 
a  Russian  and  Asiatic  Fenniao  ammo- 
niU,     (After  Kayser.) 


Fio.  1453.  —  P«panoceras  mul- 
lislrialum  (X§),  a  Russian  and 
A^atic  Pennian  anunonite.  (After 
Kayter.) 
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Fig.  1454.  —  Waklua  piniforimt,  a  characteristic  Lower  Penniao  conifer. 
Part  of  stem  uid  leaves,  natural  sine  (Rothli^endes,  Europte).    (After  Steio- 


FiG.  1455.  — Map  showing  the  outcrops  of  Palzozoic  rocks,  the  exact  horizons 
of  which  have  not  yet  been  determined.     (After  Bailey  Willis.) 


Permian  Fauna  and  Flora  529 

Land  Aninuds 

Here  belong  the  Insects,  of  which  a.  considerable  number  is  known  (Fig. 
1533) «  <uid  the  myrUpods.  The  land  vertebrates  are,  however,  the  most 
characteristic.  The  Stegocepkalians  (Labyrinthodonts)  lead  among  the  am- 
phibia, while  the  reptiles  were  represented  by  the  Rhynckocepkalians  and 
Theromorphs.    These  will  be  more  fully  discussed  in  a  subsequent  chapter. 

The  Land  Flora 

The  flora  of  the  Permian  lands  was  quite  sharply  divided  into  a  northern 
and  a  southern  type,  though  the  latter  also  encroached  upon  the  northern 
hemisphere.  The  northern  type  is  a  derivative  from  the  Pennsylvanian  (Car- 
bonic) flora  and  consists  of  ferns  (SphenopteriSf  CaUipteris,  Fig.  8x2,  p. 
83),  calamites  and  conifers  {Wakkia,  Fig.  1454,  UUmannia,  Fig.  1431  )• 
SigUlarias  and  Lepidodendrons,  with  their  Stigmana  root-stocks,  have 
disappeared.  The  southern  flora  is  dominated  by  the  great  ferns  Ghsso- 
pieris  (Fig.  1437)  and  Gangamopteris,  It  is  sometimes  spoken  of  as  the 
Gondwana  flora  because  it  is  beUeved  to  have  arisen  on  Gondwana  Land,  a 
hypothetical  land-mass  which  is  thought  to  have  united  Africa,  India,  and 
Australia  in  Palaeozoic  and  early  Mesozoic  time,  and  which  by  some  is  carried 
across  the  South  Atlantic  to  South  America.  The  existence  of  this  land-mass 
is  postulated  mainly  upon  the  wide  distribution  of  the  Ghssopieris  flora. 


CHAPTER  XXXDC 
CLOSING  EVENTS  OF  PALJEOZOIC  TIME 

I 

Progress  of  Deposition  in  the  Appalachian  Geosyncline.  —  We 

have  seen  that  during  Palaeozoic  time  there  was  a  progressive, 
though  intermittent,  rise  of  the  land-mass  of  Appalachia,  with 
a  corresponding  sinking  of  the  Appalachian  geos3aicliney  until 
many  thousands  of  feet  of  clastic  and  organic  strata  had  ac- 
cumulated in  this  trough,  the  former  being  derived  from  the 
erosion  of  the  Appalachian  land-mass.  Sometimes  the  rise  of 
the  oldland  was  very  slow,  at  other  times  it  rose  more  rapidly 
so  that  it  became  of  sufficient  height  to  shut  out  the  moisture- 
bearing  winds,  which  at  that  time  were  from  the  east.  Then  arid 
conditions  prevailed  and  oxidized  alluvial  sands  and  muds,  now 
represented  by  red  beds,  were  deposited.  Then  again  erosion 
lowered  the  mountainous  land-mass  sufficiently  to  enable  the  moist 
winds  once  more  to  invade  the  interior  region,  and  deposits  formed 
during  more  pluvial  or  rainy  conditions  accumulated,  the  last 
of  these  being  the  Pennsylvanian  and  Permian  coal-bearing 
strata  of  eastern  North  America.  The  abundant  and  widespread 
swampy  conditions  which  are  indicated  by  the  coal-beds  are 
eloquent  of  a  moist  and  perhaps  semitropical  climate  at  that  period. 
Beginning  with  the  bottom  of  the  Appalachian  Palaeozoic,  there 
are  at  least  four  important  red  bed  series,  each  one  of  which  in- 
dicates more  or  less  semiarid  conditions  at  the  time  of  formation. 
These  are :  the  Juniata-Queenston  of  the  Ordovician,  the  Longwood- 
Vernon  of  the  Silurian,  the  Catskill  of  the  Devonian  and  the  Mauch 
Chunk  of  the  Mississippian.  Each  one  of  these,  except  the  Silurian, 
forms  the  closing  deposit  of  the  system  to  which  it  belongs.  The 
Longwood,  on  the  other  hand,  forms  the  middle  division  of  the 
Silurian. 

Formation  of  the  Appalachian  Mountains.  —  The  culminating 
event  of  these  rising  movements  of  the  oldland  and  the  depression 
of  the  geosyncline  was  a  compressive  movement  which  resulted 
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in  the  folding  of  Uie  strata  of  the  geosyncline  into  a  series  of  asym- 
metric anticlines  and  synclines,  together  with  a  number  of  thrust- 
faults,  which  carried  older  beds  over  those  of  younger  age.  The 
anticlines  almost  invariably  have  a  steep,  nearly  vertical,  or  even 


Fig.  1456.  — Section  across  part  of  Becraft  Mountain,  near  Hudson.  New 
York,  showing  the  Appalachian  type  of  folding  and  overthnist.  The  strata 
involved  are  of  Lower  Devonian  and  Upper  Silurian  age  (Manlius).  The 
latter  rests  uocoofonnably  upon  the  Hudson  River  beds.  (After  Grabau, 
Geoloiy  of  Btcraft  Uoitiilain.) 

overturned  western  and  a  more  gently  inclined  eastern  limb 
(Fig.  1456)  and  this  is  taken  as  indicative  of  a  compressive  move- 
ment from  the  eaj^t.  In  other  words,  the  Appalachian  land-mass 
moved  towards  the  lowland  on  the  west  and  crumpled  the  strata 
of  the  geosyncline  be- 
tween them.  This  di- 
rection of  movement 
is  also  indicated  by 
the  thrust-faults  in 
which  the  displace- 
ment of  the  over- 
thrust  masses  is  from 
the  east  westward  or 
northwestward  (Figs.- 
1457-1459)  The  gen- 
eral trend  of  the  old 
trough  and  of  the 
resulting  folds  was 
northeastward  in  the 
principal     areas, 

though  with  a  regular  series  of  undulations.  In  the  southern 
United  States,  however,  where  the  trend  of  the  old  geosyncline 
was  more  nearly  east  and  west,  the  compression  seems  to  have 
proceeded  from  the  south  and  the  steep  limbs  of  the  anticline  are 
in  general  on  the  north  (Arkansas,  Oklahoma),  but  in  Texas  the 


Fic.  1457. — Slightly  overturned  fold  of  the 
Appalachian  type  in  the  Hudson  Valley  near 
Albany,  (a,  Cambrian  strata;  fr,  Beekmantown; 
c.  lower  Trenton  limestone;  d,  Nonnanskill 
■shales;  e,  middle  and  upper  Trenton  shales; 
/,  Utica  shale ;  {,  Lorraine  beds.)      (After  Ruede- 
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Fig.    1458.  —  Overthrust    fault    devel- 
oped  in   the  strata  shown  in  Fig.  : 
near  Albany,  N.  V.     (After  Ruedemi 


trend  again  bends  southward.  The  general  outline  of  these 
systems  of  trends  is  shown  in  the  map  (Fig,  1460). 

FonnRtioiui  of  tbe  Post-Appalachian  Geosyndine.  —  With  the 
folding  of  this  vast  series  of  strata,  the  partial  collapse  of  the  old- 
land  of  Appalachia  seems  to  have  gone  hand  in  hand,  or  this 
collapse  may  have  followed 
the  oompresdon.  Asa  resiUt 
a  new  geosyndine  came  into 
existence  upon  the  oldland  to 
the  east  <A  the  Appalachian 
geosyndine,  and  in  this  new 
trough  the  Mesozoic  strata 
of  the  eastern  and  southern 
regionswere  deposited.  This 
geosyndine  will,  therefore,  be 
more  fully  considered  in  the 
discussion  of  the  later  forma- 
tions. So  far  as  a  source  of 
supply  of  clastic  material  is 
concerned,  Appalachia  virtually  became  extinct,  and  with  this  ex- 
tinction by  subsidence  new  physical  and  climatic  conditions  came 
into  existence,  most  notable  among  which  appears  to  have  been 
the  change  in  direction  of  the  prevailing  winds  from  easterly  to 
westerly  over  the  greater  part  of  the  United  States,  a  direction 
which  they  stitl  maintain  at 
the  present  time. 

Fonnation  of  Domes  and 
Basiiis,  —  The  compressive 
force  appears  to  have  further 
manifested  itself  in  the  forma- 
tion of  the  domes  and  basins 
of  the  eastern  half  of  the 
"United  States.  To  be  sure, 
these  domes  and  basins  had 
for  the  most  part  come  into 

existence  at  earUer  times,  but  their  final  elevation  dates  from  the 
period  of  folding  of  the  Appalachians.  It  may  be  that  the  earlier 
uplifts  of  the  domes  and  the  depressions  of  the  basins  were  in  all 
cases  connected  with  earlier  periods  of  folding,  for  we  know  that 
such  folding  occurred  at  the  end  of  the  Ordovician  time  (TaCODJc 


Fig.  1459.  ^  Section  near  Albany 
shoffiug  the  conditions  to-day  after  pro- 
longed erosion.     (After  Ruedenunn.) 
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revolution)  and  during  the  Devonian.  There  may  have  been  other 
periods  of  folding,  the  effects  of  which  are  not  now  seen  because 
the  strata  folded  at  that  time  may  h&ve  been  removed  entirely 
by  erosion. 

In  general  the  relationship  of  the  low  domes  and  shallow  basins 
of  the  interior  to  the  ^palachian  folds  is  sudi  as  to  suggest  that 
they  are  the  product  of  the  same  compres^ve  forces,  the  domings 
being  merely  the  upward  undulation  of  the  distant  strata  under 
the  influence  of  compression  from  three  directions,  while  the  basins 
represent  the  corresponding  downward  undulations. 


Fig.  1460.  —  M^  showing  Uk  trend  of  the  Appalachian  folds  in  eaatem 
North  America  and  the  distnbutioD  of  domes  and  bauns  compteted  during  the 
period  of  Appalachian  folding. 

Fonnations  of  the  PalaocordlUenn  Ranges.  —  The  deposits 
of  the  western  or  Palxocordilleran  trough  or  geosyncline  suffered 
folding  probably  at  the  same  time  as  did  those  of  the  Appalachian 
region.  Very  little  is  as  yet  known  of  the  Palxozoic  folds  of  this 
region,  because  the  subsequent  disturbances  developed  a  block- 
mountain  topography  by  faulting  and  the  trend  of  the  fault- 
blocks  differs  from  that  of  the  older  folds.  But  it  is  known  that 
the  series  strikes  northwestward  in  Arizona  and  New  Menco  and 
then  assumes  a  more  northerly  strike  through  the  Great  Basin 
region.  It  probably  terminated  in  the  Pacific  west  of  the  end  of 
the  International  boundary  line. 

These  folds,  too,  were  asymmetric  with  the  steep  limb  of  the 
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anticline  on  the  east,  so  far  as  known,  indicating  a  direction  of 
pressure  from  the  oldland  on  the  west.  In  other  words,  it  seems 
that  North  America  was  Cbmpressed  from  the  east,  the  south,  and 
the  west,  and  that  ¥dthin  this  compressed  area  were  formed  the 
domes  and  basins,  and  around  the  margins  the  asymmetric  folds. 

Formation  of  the  Cordilleran  Geosyndine.  —  Coincident  with 
the  folding  of  the  Palaeocordilleran  chain,  or  shortly  after,  the  old- 
land  on  the  west,  which  had  furnished  the  material  for  the  deposits 
in  the  trough,  collapsed  and  upon  its  surface  a  new  geosyndine 
was  formed,  in  general  parallel  to  but  west  of  the  older  one  which 
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Fig.  146 1. — Af  East- west  section  through  the  Paheozoic  geosynclines  of  North 
America;  B,  Folding  of  the  strata  of  the  geosynclines  at  the  end  of  the  Palso- 
zoic,  and  migration  of  the  geosyndine  toward  the  oldland.    (Original.) 

received  the  Palseozoic  sediments.  In  this  new  geosjmcline  and 
in  large  part  directly  upon  the  old  (pre-Cambrian)  rocks  the 
Triassic  strata  of  this  region  were  deposited,  the  clastic  sediments 
being  in  large  measure  derived  from  the  newly  formed  folds  on 
the  east  of  this  trough.  This  will  be  more  fully  considered  in  the 
description  of  these  strata. 

The  above  diagrams  represent  east-west  sections  of  the  United 
States:  (^4)  during  the  existence  of  the  older  geosynclines 
(Fig.  1461  A)y  and  (B)  after  the  folding  of  their  strata  and  the 
formation  of  the  early  Mesozoic  geosynclines  (Fig.  1461  B), 


Europe 

The  period  of  intense  folding  of  the  Palaeozoic  rocks  of  Europe 
which  corresponds  to  the  Appalachian  and  PalaeocordiUeran  fold- 
ing, began  earlier  in  Europe  than  in  America,  and  also  terminated 
earlier.  As  has  already  been  outlined,  the  great  Palaeozoic  Alps 
of  Europe  arose  at  this  time,  consisting  of  the  Armorican  chain 
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on  the  west  and  the  Varisdan  chain  on  the  east,  the  two  meet- 
ing in  central  France  in  north-south  folds,  as  the  American  chains 
meet  in  Texas  (Fig.  1427,  p.  508).  In  both  cases  there  are  sec- 
ondary east  and  west  folds  north  of  the  junction,  those  in  America 
including  the  Arbuckle  Mountains  of  Oklahoma,  and  those  of 
Europe  the  folded  strata  of  Belgiiun.  The  map  (Fig.  1427,  p.  508) 
shows  the  general  trend  of  the  folds  which  had  come  into  existence 
in  Europe  by  the  beginning  of  Permian  time.  The  UraL  Moun- 
tains, too,  had  attained  their  principal  development  by  this  period. 

Emergence  of  the  Continents 

One  of  the  marked  effects  of  the  Appalachian  and  Palaeocordil- 
leran  periods  of  folding  in  America  was  the  widespread  exclusion 
of  the  sea  from  the  old  troughs  and  the  consequent  extinction  of 
the  life  of  these  seas.  As  a  result  only  the  more  generalized  types 
of  the  open  oceans  remained  and  of  these  the  pelagic  forms  were 
probably  most  favored,  while  the  littoral  forms  of  the  continental 
shelves  su£Fered  extinction  owing  to  the  narrowing  or  obliteration 
of  these  shelves.  Therefore  it  would  appear  that  the  characteristic 
Mesozoic  fauna  is  in  large  part  a  derivation  of  pelagic  survivors 
of  the  Palaeozoic  fauna,  with  only  a  small  percentage  of  littoral 
forms.  This  probably  accounts  for  the  overwhelming  abundance 
of  ammonoids  in  the  Triassic  and  Jiuussic  faunas,  where  other  ani- 
mal remains,  except  vertebrates,  are  comparatively  rare.  In  the 
Mediterranean  basin  of  Europe  and  its  continuation  in  India,  etc., 
the  change  was  less  pronounced,  and  here  we  find  many  brachiopods 
in  the  Triassic,  descended,  no  doubt,  from  Palaeozoic  ancestors.     ^ 


CHAPTER  XL 

TH£  DEVELOPMENT  OF  LIFE   DURING  THE 

PALiBOZOIC 

• 

The  Palaeozoic  furnishes  us  with  the  first  absolutely  reliable 
evidence  of  the  existence  of  marine  life,  for  although  there  are 
remains  of  organisms  in  the  pre-Palaeozoic  rocks,  these  are  all  forms 
which  may  have  been,  and  probably  were,  characteristic  of  con- 
tinental waters,  either  fresh  or  of  various  degrees  of  salinity.  But 
with  the  opening  of  the  Cambrian  period  the  record  of  marine  life 
has  become  abimdant. 

Abrupt  Appeakance  of  Cambrian  Faunas 

One  of  the  most  marked  characteristics  of  the  organic  record 
preserved  in  the  rocks  is  the  abrupt  appearance  of  a  diverse  and, 
in  many  respects,  highly  organized  fauna  in  which  nearly  all  of  the 
classes  except  the  vertebrates  are  represented.  As  we  trace  the 
succession  of  faunas  through  the  Palaeozoic,  we  are  impressed  Ynth 
the  fact  that  there  is  an  orderly  and  progressive  development 
throughout,  and  it  has  been  possible  in  many  cases  to  trace  this 
development  from  period  to  period  and  note  the  steps  in  the  evolu- 
tion and  diversification  of  Palaeozoic  life.  Stated  in  another  way, 
a  backward  tracing  of  the  life  of  the  Palaeozoic  presents  a  series 
of  converging  evolutional  lines,  imtil  at  the  base  of  the  Palaeozoic 
we  come  to  an  abrupt  stopping  point  where  representatives  of  all 
the  phyla,  except  the  land  plants  and  the  vertebrates,  suddenly 
appear.  Only  two  explanations  of  this  sudden  appearance  of 
many  and  highly  organized  forms  of  life  seem  possible.  Either 
these  forms  were  created  as  such  at  the  beginning  of  Cambrian 
time  and  thereafter  continued  to  evolve  and  become  differentiated, 
successively  higher  types  originating,  or  the  base  of  the  Cambrian 
does  not  present  the  earliest  record  of  life  but  a  point  far  along 
in  the  path  of  organic  development.    Recognizing  the  fact  that 
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natural  forces  have  governed  the  development  of  organic  forms 
throughout  not  only  Palaeozoic  but  all  subsequent  time,  and  that 
nowhere  is  there  any  positive  evidence  of  the  special  creation  of 
organic  types,  we  are  forced  to  accept  the  latter  view  as  the  only 
tenable  scientific  explanation  Of  the  phenomenon. 

Two  explanations  have  been  current  respecting  the  absence 
of  the  remains  of  the  animals  which  preceded  those  preserved  as 
fossils  in  the  earhest  Cambrian  rocks.  It  has  been  thought  that 
the  older  forms  of  life  did  not  develop  hard  structures  capable  of 
preservation,  partly  because  the  lime  of  the  pre-Cambrian  oceaii 
was  precipitated  chemically;  and  that  this  happened  because  of 
the  presence  of  a  vast  amount  of  decaying  organic  matter  on  the 
sea-bottom,  matter  which  accumulated  there  because  the  pre- 
Palaeozoic  seas  were  devoid  of  scavengers  such  as  in  most  parts 
of  the  modem  sea  devour  all  organic  matter  which  reaches  the 
bottom.  The  chemistry  of  such  precipitation  has  been  outlined 
in  an  earlier  chapter  (p.  247,  Ft.  I).  This  view  is  hardly  tenable, 
for,  in  the  first  place,  it  is  not  likely  that  the  oceans  were  ever  free 
from  feeders  on  dead  organic  matter.  Indeed  the  trilobites  from 
which  the  Cambrian  species  were  descended  were  probably  vo- 
racious bottom-feeders,  like  their  modem  relatives  the  higher 
crustaceans,  while  the  worms  probably  were  as  largely  dependent 
upon  such  nutriment  then  as  now.  In  the  second  place,  we  cannot 
conceive  that  hard  stmctures,  such  as  the  exoskeletons  of  trilobites, 
came  into  existence  suddenly  with  the  beginning  of  Cambrian  time. 

The  more  rational  explanation  of  the  absence  of  the  remains 
of  the  ancestors  of  the  Cambrian  faunas  in  the  known  pre-Cambrian 
rocks,  where  they  would  have  been  preserved  had  they  been  present, 
is  foimd  in  the  mode  of  origin  of  these  rocks,  which  was  probably 
non-marine;  that  is,  that  these  still  little  metamorphosed  older 
sediments  were  deposited  in  continental  waters,  and  that  we  do 
not  at  present  recognize  any  marine  strata  among  the  known  pre- 
Cambrian  deposits.  That  such  marine  strata  were  formed  cannot 
be  doubted,  but  they  are  probably  still  a  part  of  the  material  below 
the  younger  acciunulations  on  the  present  sea-bottoms,  though 
some  of  the  highly  metamorphosed  pre-Cambrian  sediments  may 
have  had  a  marine  origin.  If  we  recall  the  vast  period  of  time 
which  is  indicated  bv  the  erosion  surface  of  the  older  rocks  on  which 
the  Cambrian  sediments  rest,  we  realize  that  there  is  a  lost  interval 
of  great  length  during  which  the  organisms  in  the  unknown  oceans 
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of  that  period  underwent  differentiation.  But  life  did  most 
certainly  not  commence  during  tiiis  interval,  for  the  vast  periods, 
during  which  the  known  older  formations  accumulated,  were  un- 
doubtedly characterized  by  the  existence  of  organisms  in  the  sea. 
If  any  of  the  known  older  pre-Cambrian  strata  were  of  a  marine 
origin,  the  fossils  which  they  contained  were  destroyed  during 
the  metamorphism  which  these  rocks  have  undergone. 

Development  ov  Paleozoic  Organisiis 
We  shall  now  briefly  review  the  main  steps  in  the  development 
of  life  during  the  Palaeozoic. 

Palaozoic  Plants 
Alga. — That  algie  eidsted  in  the  sea  throughout  Palaeozoic 
time  is  fully  established.  Many  of  them  secreted  lime,  and  many 
of  the  great  limestone  formations  of  this  time  owe  at  least  a  part, 
and  often  a  very  large  part,  of  their  origin  to  these  organisms. 
Such  lime-secreting  algae  also  existed,  however,  in  the  continental 
waters  of  the  time,  as  shown  by  Walcott,  who  considers  that  the 
great  limestones  of  the  Belt  Terrane  owe  their  origin  chiefly  to 


Fic.    1461.  —  Marpolia   ipissa,   a   fossil   alga   from   the   Middle    Cambrian 

(Burgess)  shale  of  British  Columbia,  Xi.    (After  Walcott.) 

such  lime-secreting  algx,  which  probably  lived  in  fresh  water. 
The  oldest  known  organism,  the  EozoSn  of  the  Grenville  limestone, 
may  also  be  a  calcareous  alga  rather  than  a  protozoan  as  was 
originally  held.  That  forms  of  this  general  type,  known  as  Crypto- 
zodn,  lived  in  the  marine  waters  of  the  Cambrian  and  Ordovidan 
is  shown  by  their  abundant  development  in  undoubted  marine 
strata  of  those  periods  (see  Fig.  1058,  p.  z6i). 
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E^   14*^3-  —  Wapuiikui   ramosa,  a  fossil   alga  from  the  Middle  Camtaiu) 
(BuTRCSs}  shale  of  British  Columbia,  Xa.     (After  Wakott.) 


—  DalyiaTOcemata,  a  fossil  alga  from  the  Middle  Cambrian  (Burgess) 
•bale  of  Briti^  Columtna,  X2.    (After  Walcott.) 
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Fleshy  algae  undoubtedly  existed  in  the  Palicozoic  seas  as  they 
do  in  modem  ones,  but  with  few  exceptions  they  have  left  no  traces. 
Wonderfully  well-preserved  examples,  however,  are  known  from 
the  Cambrian  strata  of  British  Columbia  (Figs.  1462-1465). 
Many  impressions  in  the  rocks  have  been  referred  to  such  an  origin 
under  the  general  term  of  Fucaids,  but  many  of  these  have  proved 
to  be  mere  mechanical  mark- 
mgs{Fig.  1373,  p.  393). 

Land  Wants.  —  When  the 
land  plants  arose  is  at  pres- 
ent still  unknown.  The  first 
undoubted  remains  of  such 
plants  are  found  in  strata  of 
Devonian  age,  but  these  are 
already  so  highly  developed 
that  it  is  clear  that  they  must 
have  been  preceded  by  others 
during  a  considerable  period 
of  time.  We  may  confidently 
believe  that  land  plants  ex- 
isted in  the  Silurian  and,  if 
the  reported  occurrence  of 
insects  in  the  Ordovidan 
may  serve  as  a  guide,  it 
would  seem  that  a  piimitive 
type  of  land  flora  existed  in 
that  era  as  well.  It  is  not 
impossible  that  lowly  foims, 
possibly  analogous  to  lichens, 
covered  the  rock  surfaces  at  the  beginning  of  PalEeozoic  time,  though 
no  remains  have  been  found  to  substantiate  such  a  hypothesis.  If 
land  plants  arose  from  aquatic  ancestors  during  a  period  of  ex- 
tensive aridification  of  the  climate  on  the  widespread  emergence 
of  the  lands,  it  may  well  be  the  case  that  such  an  origiD  falls  into 
the  period  which- preceded  the  Cambrian  transgression. 

An  important  fact  to  be  borne  in  mind  in  the  study  of  Palsozoic 
plants  is  the  high  development  o£  the  late  Palieozoic  flora.  The 
lyaqjods  and  calamites  were  on  the  whole  much  more  spedalized 
than  are  their  modem  representatives,  which  retain  many  of  the 
characters  through  which  the  Palaozoic  types  passed  in  their  own 


Fig.    1465.  —  Boswtrlkia    simulans, 
fossil  alga  from   the  Middle   Cambrian 
(Buigess)  shale  of  British  Columbia,  Xi). 
(After  Walcott.) 
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development  (Fig.  1466).  They  therefore  represent  a  simpler 
type  produced  by  retardation  in  development  and  indicate 
the  declining  stages  of  the  race.  The  same  thmg  is  true  of 
the  fem-Iike  plants  of  the  later  Palccozoic,  wtiidi  had  a  fructifi- 
cation more  nearly  akin  to  that  of  the  cycads  than  to  modem 


Ftc.  1466.  — •  LepidodeDdroD  compared  with  Club-moss,  a,  Club-moss; 
b,  b',  Kalea  enUiged;  c,  microspores;  d,  n^acrospores;  i,  LepidMlrobus ; 
7  and  I,  the  Kales  coatuuing  spores;  m,  niicTospores;  »,  macrospores.  (After 
Balfour.) 


fonns  (Fig.  1467).  These  cycadofilices,  as  they  are  called,  like-* 
wise  represent  a  lateral  branch  in  development  from  which  may 
have  arisen  the  cycads  and  the  true  flowering  plants.  The  tnie 
ferns,  on  the  other  hand,  which  were  also  represented  in  the  Palao- 
zoic,  have  continued  with  but  slight  modification  to  the  present 
time  (Figs.  810  a-fe).  ' 
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The  highest  type  of  plants  known  from  the  Palseozmc  are  conifers, 
among  which  the  cordaites  predominate.  Trunks  of  these  trees 
are  not   uncommon  in  the  late   Devonian   hlack  shales,  having 


A,  Rccoiutniction  of  the  plant  about  ODe-eighth  natunl  siie,  ihowing  ■tem,  aerial  ' 
Toots,  iterile  and  fenilt  fronds;  B,  Section  of  stem:  m,  marrow;  p,  primaiy  mxid 
bundles;  i,  wcondary  wood;  pd,  periderrn,  muking  outer  border  of  centra]  cylinder; 
ir,  inner  bark;  or,  outer  bark,  with  radial  bands  of  iiclcraichyma  j  frj  -bi,  leaf  bundles; 
bi,  of  oldest  leaf,  Xl;  C,  Cros»-5ecIion  of  stem  of  frond:  f,  primary  wood  stnnds  of 
V-shaped  fonn,  surrounded  by  a  ring  of  bast  (6) ;  ar,  outer  back,  X 15-    (After  Stein- 


been  washed  from  the  lowlands  on  the  south,  where  they  apparently 
flourished  in  abundance,  into  the  estuaries  in  which  the  black  mud 
accumulated.  The  leaves  of  these  trees  are  common  in  the  strata 
of  the  coal  formations  (Figs.  818,  p,  86,  1426,  p.  505), 

Pdaozoic  Animals 
ProtoziM.  —  Foraminifera  have  been  obtained  from  ihe  Cambrian 
rocks,  and  these  in  all  outward  appearance  resemble  modem  types 
of  the  genera  Globigerina  and  Orbulina  and  have  been  referred  to 
them.  It  must,  however,  be  noted  that  the  form  and  larger 
structure  of  these  shells  is  relatively  simple,  and  we  cannot  assume 
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Fig.  1468.  —  CAoid  cartttt,  a  Middle 
Cambrian  sponge.  Flattened  specimen 
with  unusually  well  preserved  spicules, 
Xi.Q.  Burgess  &hale,  Middle  Cambrian, 
British  Columbia,    (.\ftcr  Walcott.) 


FlG.  1469. — Pmoiptrnfia  hkkti.  Por- 
tion of  apicular  mesh  of  the  sponge  wall 
formed  of  laige  primary,  secondary,  and 
tertiary  crucifonn  spicules,  Xi.  Burgess 
shale.  Middle  Cambrian,  Briti^  Columbia. 
(Aftet  Walcott.) 


Fig.  1470.  —  Vaiaia 
UntHi,  a  Middle  Cam- 
brian sponge  {Burgess 
shale)  British  Columbia. 
A  single  branch  of  a 
clustered  specimen  en- 
laiged  (jii)  showing  the 
ridged  surface.  (After 
Walcott.) 
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Fig.  1471.  —  Vaiixia  gradienla,  a  Middle  Cam- 
brian sponge.  Burgess  shak,  Brilish  Columbia. 
A  large  branchitif;  speciiiii;n  with  base  brgken  | 
away,  X  .85.    [After  Walcotl.) 


Fio.  1472.  — Eifelia  gfobosa,  a  Middle  Cambrian  globular  sponge,  flattened  on 
shale  and  abowingtbe  shallow  cup-shaped  area.  ((u<;uiuffl)  at  the  summit,  and  the 
chaiBcteriBticqiicule3(X>).  Burgess  shale,  British  Columbia.    (After  WalcotL) 
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that  because  of  this  similarity  of  shell-form  the  Cambrian  types 
were  as  highly  specialized  in  all  respects  as  are  the  modem  species. 
The  greater  specialization  of  the  later  forms  is  primarily  in  the  soft 
parts,  of  which  no  record  remains.    Fonuninifera  are  found  at 


Fic.  1473,  — CAflw- 
ctUarta  erm,  >  slender 
sponge  with  spicules 
showing  on  the  outer 
surface,  slightly  re- 
duced. Middle  Cam- 
brian Burgess  shale, 
British  Columbia. 
(Aiter  WalcotL) 


Fig.  1474.  —  Chancdloria 
eros,  part  of  surface  of  pre- 
ceding specimen,  enlaiged 
(XiS)-     (After  Walcott.) 


Fig,  1475.  —  Tak- 
akkatnia  Uneela,  a 
pearly  en  tire  spec  imen 
of  a  small  delicate 
Middle  Cambrian 
sponge  (Xi)  Burgess 
shale,  British  Colum- 
bia.   (After  Walcott.) 


intervals  in  the  Palteozoic  rocks,  occasionally  becoming  so  abundant 
as  to  be  rock-formers.  Such  is  Endotkyra  (Fig.  1371,  p.  462)  of 
the  Mississippian,  and  Fusidina  and  Sckwagerina  of  the  Pennsyl- 
vanian  and  Permian  (Figs.  1402,  1403,  p.  490).  These  were  all 
highly  specialized  and  left  no  descendants  in  the  succeeding  periods. 
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Flo.  1476.  —  ^icules  of  Cambrian  Sponges. 

a,  b,  ChoMcdtario  lito,  partially  eroded  spicules  on  surfux  of  limestone.  Upper  Cant- 
brian,  Conasaiig*  formation,  Murphreys  Valley,  Alabama.  X3  (after  WalcoH);  (,  C. 
drujilla,  cut  of  spicule  ihawing  central  di^  and  seven  rays,  X 1 ;  d,  sketch  ot  side 
view  of  same  ihawtn«  elevated  center,  Xj-  Middle  Cambriao,  Conaaauga  shale, 
LiviogstoD,  Coosa  Valley,  Georgia.    (After  Walcott.) 


Fio.  1477.  — Aalocopiunt  auratUium,  an  Ordovician  and  Silurian  geous  of 
silicious  sponge,  from  Silesia.    (After  Zittel,  GrundtUse.) 


Fig.  1478.  —  Diagram  showing  the  structure  of  Saefiaciditts. 

a,  oral  opening  or  osculum;  i.  internal  opening*  of  canals  carrying  water  mto 
inner  cBi'ity  v  of  the  sponge;  c,  external  openings  of  the  tanals;  n,  basal  portion 
sponge.    (After  Nicholson.) 
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Radiolaria,  too,  occurred  in  the  Palxozoic  rocks,  and  the  beds  of 
chert  in  many  limestones  (Devonian  and  younger)  appear  to  be 
largely  derived  from  the  solution  and  redeposition  of  these 
silicious  organisms.  The  various  types  are,  however,  as  yet  little 
known. 


Fig.  1480.— TTie  Glass  Sponge 
{Bydnoceras  lubtrosum)  as  it  ap- 
peared in  the  Devonian  sea.  From 
a  restoration  in  the  New  York  State 
Museum  at  Albany.  (_Mtti  J.  M. 
Clarke,  Director.) 


Fig.  1479.  —  Restoration  of  a  portion 
ot  the  sea-bottom  in  Neo-Devonian  time, 
illustrating  the  assemblage  of  animal  life. 
One  o[  the  glass  sponges  (DictyospoD- 
gide)  is  seen  attached  to  the  bottom,  and 
a  la^e  Devonian  Nautilus  tests  upon  the 
sea  floor  in  the  foreground.  A  starfish 
is  also  seen  clinging  to  the  rock.  (From 
the  model  in  the  New  York  Sute 
Museum  i  after  J.  M.  Clarke,  Director.) 


Sponges.  —  These  are  not  uncommon  throughout  the  Paleozoic, 
but  they  are  all  of  types  which  left  no  later  descendants.  Many 
beautifully  preserved  examples  of  ancient  sponges  are  known  from 
the  Cambrian  strata  of  British  Columbia  {Figs.  1468-1475),  while 
sponge  spicules  have  also  been  recorded  from  the  Cambrian  of 
other  localities  (Fig.  1476).  In  the  earlier  eras  the  solid,  often 
spherical,  forms  were   common  (Lithisdida),  some   characterized 
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by  a  shallow  or  no  apical  depression  {Ast^spongia,  Fig.  1903, 
p.  358,  Attlocopium,  Fig.  1477,  Hindia,  etc.,),  others  of  doubtful 
affinities,  with  a  deep  inner  cavity  {Receptaculites,  Fig.  1478). 
The  body  of  the  sponge  is  generally  a  solid  mass  of  rods  or 
spicules  which  forms  a  porous  structure  penetrated  by  canals 
which  open  into  the  central  cavity.  One  of  these  {Brackiospongia, 
Fig.  1125,  p.  300),  probably  a  hexactinelUd,  had  a  ring  of  marginal 


Fic.  1481  o-|.  —  Develi^mental  stages  of 
Dklyonema  fiabdlifornK,  showing  the  growth 
from  the  embryomc  stage  (a)  m  which  there 
is  only  the  minute  sicula  to  the  adult  con- 
dition (g)  in  which  there  are  many  branching 
fronds  united  at  short  intervals  by  delicate 
lUssepiments  or  cross-bars.  The  sicuLa,  which 
was  the  point  of  attachment  and  from  which 
the  graptolite  hung  pendent,  is  still  preserved 
in  the  adult  and  some  of  the  tooth-like  hy- 
drothecx  are  visible. 


/«,/m 


14S1.  —  Dictyonenta 
n,  showing  the  com- 
posite character  of  the  thecK 
(XsDDeepkiUbeds.  (AfUr 
Ruedemann.) 


gnger-like  prolongations  which  give  the  sponge  a  very  striking 
aspect.  In  the  later  Palseozoic  the  hollow  thin-walled  group  of 
Dictyospongias  (Figs.  1479, 1480)  (of  the  order  Hexactinellidae)  were  - 
very  characteristic,  these  being  usually  preserved  in  the  rock- 
filling  of  the  inner  cavity,  on  the  surface  of  which  the  network 
of  silicious  fibers  which  formed  the  wall  are  well  marked  usually 
as  impressions.  In  form  they  range  from  simple  cylindrical 
to  prismatic  (Fig.  1303  b,  p.  418)  and  transversely  wrinkled  types, 
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with  Uie  iDtersections  of  the  wrinkles  and  prism  angles  in  special- 
ized types  drawn  out  into  nodes  or  spines  (Fig.  1303  a,  p.  418). 

Gnptolites.  —  These  organisms  appear  suddenly  at  the  be- 
ginning of  Ordovidan  or  the  end  of  Cambrian  time.  Two  main 
divisions  are  recognized,  the  Dendroidea,  of  which  Dictyomma 
{Figs.  1481,  1482)  is  a  typical  example,  and  the  GraptolUoidea. 
These  consist  of  a  series  of  tubes  or  thecK  which  bud  successively 
one  from  the  other  until  a  group  of  more  or  less  irregular  branches, 
each  a  chain  of  small  conical  tubes,  is  produced  {Bryograptus, 


Fio.  14S3.  —  Bryopapius 

(X7).     A  primitive  graptolite,  show-  Fio.  1484  a.  —  Logmupattvt    (L. 

ing    the  loose  arrangement  oi   the  logam).    Upper  end  with  dak.    The 

hr&nches  and  the  long,  scarcely  over-  number  of  branches  is  ^xteen  or  more. 

Imping  thecte.    (After  Ruedemann.)  OrdovidaD.     (After  Nicholson.) 

Fig.  14S3).  From  this  type  on  the  one  hand  the  dictyonemas  de- 
veloped by  continued  and  rapid  budding  and  the  formation 
of  cross-bars,  which  united  the  branches  into  a  rigid  network  of  a 
conical  form;  and  on  the  other,  the  simpler  graptolites  by  pro- 
gres^ve  reduction  of  the  branches  from  32  or  more  to  16,  8,  4,  and 
3,  respectively  (Figs.  1484  a-d).  This  progressive  reduction  sug- 
gests that  the  group  as  a  whole  was  a  declining  one,  although  within 
each  series  there  was  still  progressive  specialization  in  the  form  of  the 
cups,  or  thecs,  and  in  their  relation  to  one  another  in  each  branch 
(Fig,  1485).    Finally  from  the  four-branched  {Tdragraptus,  Fig. 
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1486  a)  and  the  two-branched  types  {Didymograptas,  Fig.  i486  A) 
there  developed  in  each  case  a  series  of  fonns  in  which  the  branches 


¥iG.n&ib.—Dkhopaptia{D.oc-  Fio.     1484   e.  —  Ttlrapaptus     (F, 

lobrachUttiu).  The  nimiber  of  branches  quadribracHatuz).     The    number    of 

has  been  reduced  to  eight.  Ordovidan.  branches  bas  been  reduced  to  four. 

(After  HaU.)  Ordovkian.     (After  HaU.) 

were  joined  back  to  back,  so  as  to  produce  either  a  cnidform  sec- 
tion (PhyUograptus,  Fig.  1070,  p.  366)  or  a  simple,  doubly-toothed 


4  i 


Fig.   14S4  d.  —  Didymittrapuu  (D. 


Fic.  uS^e.  —  CorjmoKfci  (C.  cali- 
ctdarit),  enlarged.  The  graptolite  has 
been  reduced  to  a  single  theca.    (Noi- 


murckisom).    The  number  of  branches      manskUl.)     The  genus  0 
has  been  reduced  to  two.    Ordovician. 
(After  HaU.) 

branch   {Climacograptus,    Figs,    1487    a-c ;    Diplograptus,    Figs. 
1487  d-f),  commonly  with  a  rigid  supporting  rod  (virgula)  in  the 
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Fig.  i486.  — Tlie  short  and  bioad-brauched 
graptolites.  a,  Tdragraplus  bryonoida;  h,  Didy- 
mopaptus  pennatus.  Lower  Ordovician.  By  the 
junction  of  the  branches,  back  to  back,  the  Pkylle- 
paptus  type  is  produced.    (Fig.  1070,  p.  166.) 


Fig.  1485.  —  Tetra- 
paplus,  A  single  branch, 
showing  the  change  in 
form  of  thecx  from  dis- 
tantly arranged  in  the 
young  or  first  formed 
portion  (top)  to  closely 
overlapping  in  the  last 
formed  portion  of  the 
branch  (bottom). 


Fic.  1487. — Types  of  biserial  graptolites  (Axono- 

phora).  a-c,  CUmacopafilus  lypkaiis,  Ordovician 
(a.  Enlarged  vertical  section,  showing  central  rod 
or  virgulaj  b.  Individual  of  natural  size;  c.  Cross- 
section,  enlarged) ;  d-r,  Diplopaptus  paJmeus,  SQu- 
rian  Id,  Individual  of  natural  size,  showing 
closely-crowded  thec=;  e.  Individual  enlarged, 
showing  the  virgula  and  sicula) ;  /,  Diplograplus 
foliaccus,  Ordovician,  natural  size.  (After  Hall, 
Barrande,  and  Lapworth.) 
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center.  Some  of  the  stages  in  the  development  of  Diplograftus  are 
shown  in  Figs.  148S,  1489.  Some  of  these  specialized  groups 
formed  colonies  by  the  union  of '  many  douhle  branches  to  a 
central  floating  bulb  (Fig.  841,  p.  100). 

Practically  all  of  these  types  disappeared  with  the  close  of  the 
Ordovidan,  though  the  Dendroidea  continued  to  the  middle  or 
later  part  of  the  Palfeozoic.  One  division  of  the  Graptolitoidea, 
however,  arose  in  the  Silurian  and  continued  through  the  period. 
This  type  was  characterized  by  the  suppresdon  of  one  row  of 
theae  or  cups,  so  that  only  one  dde  of  the  supporting  rod,  or 


Fig.  1488.  —  Sicula  of  a  Diph- 
grapl«s,  showing  the  apical  (embiy- 
ODic)  and  apertuial  parts.  Note  the 
gTowtb-Unes  in  the  latter,  and  their 
absence  in  the  early  part.  (After 
Buedemann.) 


Fig.  1489.  —  Initial  s 

rhabdosome  of  graptolites. 
paptus gfocUis:  s,  sicula; 
same  with  firat  five  theoe  ((i— i); 
3,  Manegraptui  dubiui:  sicula  s  with 
the  first  three  thecn  (ti—i);  fi,  aptr- 
ture  of  sicula. 


virgula,  was  lined  by  a  succession  of  cups  {Monograptus,  Fig.  1154, 
p.  318).    This  form  died  out  at  the  end  of  the  Silurian. 

StromatoporoidB.  —  These  abounded  throughout  the  Palaeozoic, 
but  reached  their  acme  of  development  in  the  Siliuian  and  De- 
vonian. They  consist  of  large  masses  or  heads  of  calcareous  ma- 
terial built  up  in  successive  thin  layers  of  lime,  each  generally 
separated  from  the  preceding  layer  by  low  rods  or  spines  of  Ume, 
with  the  result  that  the  structure  has  become  more  or  less  cellular 
(Fig.  847,  p.  102).  Various  surface  characters  are  developed,  such 
as  a  series  of  rather  regular  rounded  or  nipple-like  elevations,  each 
of  which  may  further  show  a  relatively  large  pore  from  which 
branching  grooves  radiate  (astrorhizje).  They  probably  mark  the 
position  of  the  larger  (feeding)  polyps  of  the  colonies.     In  the 
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Ordovidao  the  principal  representatives  of  this  class  are  Beatricea 
(Fig.  1490),  a  rod-shaped  or  columnar  mass,  fiuted  externally  and 
with  a  coarsely  cystose  structure  and  Labeckia  (Fig.  1491),  a  flat 
expansion  of  cystose  layers  traversed  by  dense  vertical  rods. 
The  SilHrian  beds  are  chiefly  characterized  by  the  Clathrodictyon 


Fio.  1490.  —  Section  of  the  col- 
umnar hydrozoan  Bealrkea  {B,  nadti- 
Icsa),  sboirmg  &n  inner  tube  around 
which  the  calcareous  matter  is  de- 
posited in  a  series  of  blisters  or  cysts. 
The  animal  matter  covered  the  out- 
side of  the  prism.     (I.  F.) 


Fio.  14Q1. — Vertical  section  of  • 
disk-shaped  or  expanded  Ordovidan 

hydrocoralline  (Labeckia  okkensis) 
(X  9).  The  deposit  formed  by  the 
organism  consists  of  a  succesuon  of 
blister-like  or  cystose  layers,  travelled 
by  solid  calcareous  rods.     (I.  F.) 

type  (Figs.  12100-c,  p.  359;  149a)  m  which  the  horizontal  layers 
are  supported  by  short  vertical  rods  not  continuous  through  the 
layers.  The  Devonian  forms,  on  the  other  hand,  are  of  the 
ActinostToma  type  (Figs.  1304,  p.  4r8',  1493)  in  which  the  verUcal 
elements  are  continuous  through  the  layers. 


Fio.  1491.  — Vertical  section  of  a 
part  of  a  mass  of  ClathrodUtytm  (C. 
strial^um  X8)  of  the  Silurian,  show- 
ing the  dominance  of  horizontal  over 
vertical  elements,  the  latter  being 
spine-like.    {I.  F.) 


Fig.  1493. ^Vertical  section  of  a 
mass  of  Aclinoslroma  {A,  fttieslratum, 
X8)  of  the  Devonian,  showing  the 
pronounced  development  of  the  ver- 
tical elements.     (I.  F.) 


Corals.  —  The  most  characteristic  Palsozoic  corals  are  simple 
cornucopia-shaped  structures,  with  the  radiating  plates  or  septa 
(visible  in  the  upper  depression  or  calyx)  arranged  in  multiples 
of  four.  In  the  more  primitive  Ordovidan  types  the  septa  are 
arranged  in  four  groups  or  bundles  about  the  four  main  septa 
(Figs.  851,  a,  b,  p.  104),  but  in  the  later  types  this  fourfold  arrange- 
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ment  exists  only  in  the  young  stage,  the  septa  of  the  adult  becom- 
ing radially  arranged  (Figs.  1254,  1306/).  A  second  group 
had  the  interior  enclosed  by  the  coral  wall,  filled  with  cystose  or 
cellular  structure  which  sometimes  was  arranged  in  regular  layers. 
Septa  in  this  group  were  generally  much  reduced  and  rested  upon 
the  cystose  filling  {CystiphyUum,  Figs.  1306  a,  b).  Both  these  groups 
also  developed  compound  forms  by  rapid  budding  of  young  from 
the  calyx  or  side  of  the  parent,  which  by  mutual  compression 
commonly  assiuned  a  prismatic  form  (Figs.  1307  a,  b).  Slender, 
tubular  corals  with  the  septa  largely  or  wholly  suppressed,  but 
with  conical  or  flat  transverse  divisions,  also  abound.  These  are 
either,  loosely  aggregated,  their  tubes  held  together  by  short 
branches  (Syringopora,  Figs.  1206,  p.  358, 1255,  p.  383)  or  crowded 
and  prismatic  with  the  walls  pierced  by  numerous  pores  {FavosiieSf 
Fig.  853,  p.  104).  Intermediate  between  the  two  groups  is  the  Si- 
lurian chain  coral  {HalysUeSy  Fig.  1161,  p.  320),  in  which  the  tubes 
are  closely  adjoined  only  on  one  side. 

All  of  these  types  practically  disappeared  at  the  end  of  the 
Palaeozoic,  espedaUy  in  America  where  no  relation  exists  between 
the  Palaeozoic  and  the  Mesozoic  types. 

The  ancestral  corals,  probably  simple  tubes  without  septa, 
appear  to  have  lived  in  Cambrian  time ;  their  differentiation  into 
septa-bearing  and  septa-less  groups  took  place  in  the  Ordovician, 
and  both  groups  reached  their  acme  of  development  in  the  De- 
vonian when  they  migrated  far  and  wide  over  the  world.  Then 
a  decline  set  in  and  by  the  end  of  Palaeozoic  time  the  older  types 
had  disappeared.  With  the  reestablishment  of  the  interior  seas 
in  Mesozoic  time  appeared  a  new  race  of  corals  in  which  the  septa 
rather  than  the  wall  constituted  the  primary  structure,  and  in 
which  the  parts  were  developed  in  multiples  of  six  instead  of  four. 

Biyozoa.  —  These  organisms  appear  abruptly  in  Ordovician 
time,  where  almost  at  the  outset  forms  of  considerable  complexity 
occur.  Hence  we  conclude  that  though  they  are  not  known  from 
Cambrian  strata,  they  nevertheless  existed  at  that  time  in  some 
of  the  oceans,  and  that  their  apparently  sudden  appearance  is  due 
to  invasion  of  new  territory  from  the  unknown  centers  of  origin. 
There  are,  of  course,  many  primitive  forms,  but  they  are  at  present 
known  only  from  the  Upper  Ordovician  and  younger  rocks. 

The  bryozoans  began  as  a  series  of  calcareous  cells  with  more 
or  less  contracted  apertures  which  at  first  grew  in  simple  chains, 
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one  budding  from  the  other  (Figs.  1494  a,  b).  By  branching  and  by 
the  lateral  confluence  and  union  of  the  branches  fiat  ezpan^ons 
were  produced  (Figs.  1494  c,f,  g),  while  by  further  rapid  buddir^ 
on  all  sides,  rod-like,  finger-like,  disk-like  or  other  masses  composed 


■"-^"Xll*^, 

r^.: 

fW^ 

:  '■■■--, 

Fig,  1494,  —  Palxozoic  Bryozoa  ranging  from  umple  to  comploc  types. 

a,  Stomalofora  injlala,  consiiling  of  simple,  pear-shaped  cells  (  X  ij) ;  i,  SUmtalepora 
dtUcaltiia,  with  longer,  more  slender  cells  aad  single  brutches  (  x  ig) ;  c,  PkactlBpera 
ptrlenuii,  with  tlw  segments  arranged  in  licear  serirs,  doubly  branched,  «acb  secment 
CoOHsting  of  two  axcda  (  x  t  g) ;  d,  mUcUma  mntuliiliim,  with  loixcia  crowded  and 
arranged  in  a  s|Mral  series  which  (oim  branches  (  X  7) ;  e,  Pnbticitui  lumutQia,  with 
crowded  axrcb  arranged  in  double  or  triple  rows  forming  blanches  (  X  7) ;  /.  Frtbsiciiia 
jrattdeia,  with  branches  reuniting  at  intervala,  each  branch  containing  many  locecU 
(  X  I  g) ;  f ,  Batiticea  mitinttoUntis,  ■  form  with  locecia  growing  in  irr^ular  rows  on  m 
flat  luiface  [X19).    (I.  F.) 

of  numerous  minute  prismatic  tubes  resulted  (Figs.  1494  d,  e). 
Such  prisms  characterized  the  so-called  Monticuliporoids,  which 
were  typical  of  the  earlier  Palaeozoic.  In  the  later  Palaeozoic  the 
development  of  branches  became  more  regular,  forrning  fan-like 
expansions  with  transverse  connecting  bars,  producing  a  lattice* 
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like  structure  {FenesteUaj  etc.,  Fig.  1313,  p.  423).  When  these 
fan-shaped  expansions  developed  upon  a  spiral  axis,  the  char- 
acteristic Mississippian  genus  Archimedes  resulted  (Fig.  1375, 
p.  464).  Most  of  /the  Palaeozoic  forms  disappeared  at  the  end  of 
that  time,  the  Mesozoic  and  later  types  being  derived  from  a  few 
members  of  the  older  bryozoan  fauna.  Two  orders,  Trepostomata 
and  Crypiostomataf  the  former  including  most  of  the  coral-like 
monticuliporoids  and  the  latter  the  fenestelloid  types,  are  prac- 
tically confined  to  the  Palaeozoic.  The  remaining  Palaeozoic 
Bryozoa  belong  to  the  order  of  Cyclostomata  or  forms  with  round 
pores,  but  this  order  is  chiefly  represented  in  Mesozoic  and  younger 

formations.    In  the  Palaeozoic  they  are 
largely  confined  to  the  Ordovidan  (Fig. 

1494). 
Brachiopoda. — The    oldest    brachio- 

pods  from  the  Cambrian  deposits  are 
mostly  homy-shelled  types,  though  forms 
with  calcareo-phosphatic  shells  also  occur. 
The  oldest  and  most  primitive  form  from 
the  Lower  Cambrian  of  Vermont  has 
nearly  equal  valves  with  an  opening  for 
the  pedicle  shared  equally  by  both,  achar- 
acter  repeated  in  the  earliest  shell  stages 
of  later  brachiopods  (Fig.  1495).  From 
this  type  other  characteristic  early  Palae- 
ozoic forms  are  derived  by  the  greater 
development  of  one  or  the  other  valve, 
the  formation  of  hinge  areas,  etc.  Among  the  most  generally 
distributed  Cambrian  genera  are  those  of  the  Obolus  group  and  the 
Lingidas  (Fig.  1496).  The  latter  continue  to  the  present  day, 
but  it  must  not  be  supposed  that  the  Palaeozoic  Lingidas  were  as 
highly  organized  as  are  the  modem  ones,  though  the  general  form 
and  character  of  the  shell  remained  much  the  same  throughout 
(Fig.  872,  p.  1 15).  These  brachiopods  belong  to  the  order  Airemata^ 
in  which  the  pedicle  emerged  between  the  two  valves.  Other 
characteristic  Cambrian  types  include  Obolella,  Acroireta,  and 
Acroihele  (Fig.  1013,  p.  228),  more  or  less  corneous  or  calcareo- 
comeous  shells  of  circular  outline,  often  of  conical  form,  and  with 
the  apex  of  one  valve  pierced  for  the  emission  of  the  pedicle. 
These  belong  to  the  order  Neoiremaia  and  here  also  are  placed 


Fig.  1495.  —  Early  stage 
of  CyskUaj  a  modem  form, 
representing  essentially  the 
characteristics  of  the  adult 
Paierinaj  one  of  the  earliest 
and  most  primitive  Cam- 
brian brachiopods.  Much 
enlarged,  a,  front;  6,  side 
views.  (After  Hall  & 
Clarke.)      ^ 
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many  Paleozoic  types  in  which  the  pedicle  opening  forms  a  notch 
in  the  margin  of  one  valve  ( Trematis,  etc.,  Figs.  1 1 33  p,  w) ,  which  may 
later  be  partly  filled  in  by  the  growth  of  a  new  calcareo-comeous 
plate,  so  that  secondanly  the  pedicle  passes  throi^h  a  slit-like 
opening  {Orbiculoidea,  Fig.  1497).  Finally  there  are  a  number  of 
I^ieozoic  forms  which  become  attached  to  other  objects  more  or 
less  completely  by  one  valve  {Prania,  Figs.  1498  a,  b)  some  species 
of  Stropkalosia  (Fig.  1498/)  and  others,  while  one  form,  at  least, 


Fig.  I4g6.  —  A  group  of  PsIkozoic  Lingulas.    a,  Ltn|ula  «m  (Black  River) ; 

b,  L.  rKliitUeralis  (Treaton-Lorrsine) ;  c,  L.  mcdata  (Tree ton-Lorraine) ;  J,  L. 
coburgensis  (Trenton) ;  e,  L.  ligea  (Hamilton-Portage) ;  /,  L.  lidai,  interior  of 
dorsal  valve,  showing  muscular  and  vascular  markings.     (After  Whit&eld.) 

if,  Divuicator  muKuUr  s«t 
«car ;  a,  a,  anterior  adductor  so 
paltial  sinuMS ;  pt,  posterior  a 
(After  WUtfieW.) 

appears  to  have  led  a  free-swimming  existence  {Pkolidops,  Figs. 
1498  c-t). 

In  the  Cambrian,  too,  arise  the  first  members  of  the  OrlMs 
group  in  which  the  valves  are  held  together  or  articulated  by  the 
development  of  tooth-like  projections  in  the  pedicle  valve,  which 
fit  into  sockets  in  the  opposite  valve.  A  straight  hinge-line  and  a 
flattened  cardinal  area  also  characterize  these  shells,  which  are 
commonly  plicated.  At  first  (Cambrian  and  early  Ordovidan) 
the  pedicle  valve  is  convex  and  the  brachial  valve  nearly  flat. 
Then  the  valves  become  more  equal  in  convexity,  and  finally  the 
brachial  valve  becomes  the  more  convex  while  the  pedicle  valve 
tends  to  become  flatter  or  even  concave.  Two  groups  are  recog- 
nized, one  with  the  hinge-line  forming  the  greatest  width  of  the 
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shell,  and  these  are  largely  confined  to  the  older  Paleozoic  In 
the  younger  divisions,  however,  the  short-hinged,  more  or  less 
circular  forms  become  very  characteristic,  and  undergo  the  same 
change  from  bi-convex  fonns  to  those  with  flat  or  concave  pedicle 
valve  (Figs.  1499  a-g).- 

Another  characteristic  group  of   brachiopods  is   that  of  the 
strophomenoids.     Beginning  in  the  Ordovidan,  these  shells  are 


Fig.  1497.  —  Discinoid  brachiopods  of  the  PalEeozoic. 

a,  Orbieuloidia  palckra.  the  exterior  of  the  brachial  valve  X  1.5  (Lower  Mississqtpian) ; 
b,  0.  media,  eilerior  of  a  pedide  valve  (Upper  Devonian) ;  g,  lislrium  or  plate  cover- 
ing [be  opening,  foramen,  through  which  the  pedide  projects;  c.  O.  niUda,  the 
pedide-area  of  nn  extremely  young  shell  (diameter  i  mm.)  showing  the  open  slit- 
like foramen  (F)  whidi  later  becomes  dosed  (as  in  if)  X  50 ;  g,  beginnings  of  Ibe 
liilrium  (Lower  Coal-measures] :  d,  OrhiculoiiUa  randaUi,  exterior  of  a  pedide  vatve 
(Kliddle  Devonian),  natural  size.  The  shell  is  compressed,  showing  the  apical  mus- 
cular ridges,  the  radiating  mantle  grooves  (pallial  sinuses)  and  the  intemal  track 
of  the  pedide  furrow.  These  do  not  ordinarily  show  on  the  exterior.  (After  Hall 
and  Clarke.) 


characterized  by  their  long  hinge-line  with  narrow  areas  and 
the  gently  convex  character  of  one  and  corresponding  concave 
character  of  the  other  valve.  These  types  are  mainly  represented 
by  Rafin£squina  and  the  reversed  Sirophomenas  in  the  Ordovician 
(Fig.  1 133  II'),  and  by  the  similar  forms  with  notched  hinge-line  — 
the  genera  Siropheodonta  and  the  reversed  Stropfumella  in  the  Si- 
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lurian  and  Devonian  (Figs.  1500  a~d).  In  still  higher  horizons 
similar  forms,  mostly  reversed,  continue  {OrthotheUs,  Sckuchertella) ; 
while  the  series  is  terminated  in  the  Mississippian  and  Pennsyl- 
vanian  by  the  degenerate  Productus  with  extremely  convex  pedicle 
and  concave  brachial  valve  and  obsolete  hinge-area,  but  gen- 
erally with  a  pronounced  development  of  spines  all  over  the 
surface  (Fig.  1407).  Lateral  evolutional  branches  are  represented 
in  the  very  transverse  Pkctambonites  (Fig.  1066  J-h,  Ordovician 
and  Silurian)  and  the  similar  form  with  spines  on  the  hinge-line 


3  _ 

b  c  } 

Fig.  1498.  —  a-f.  Types  of  attached  {a,  b,  f)  and  free  (c-<)  btacbiopods. 
0,  b.  Crania  {a.  C.  Mia  attached  to  Stropkomtna,  Upper  Ordoviciui ;  b.  C.  puUMU, 
■ttacbed  to  a  bryoioan.  X  i|  HcldcibeiKian) ,  c-e,  Pkalidops  {P.  kamillonui;  c,  view 
dI  valve  X  i;  i,  prohle  of  conjoined  valves  X  >;  e,  mteiior  sbowing  muscular  area 
X  4;  ^1  posterioi,  an.  anterior  adductors,  p,  parietal  irriprcssioa,  Middle  Devonian); 
/,  Slrepkaleiia  radiauu,  a  pedide  valve  attached  by  ^ines  Co  a  bryozoaii.  X  i,  Middle 
Devonian.     (All  alUr  Hall  and  ClarLe.} 

{ChoneUs,  Fig.  1501,  Silurian  to  Peimsylvanian).  Another  pecul- 
iar modification  of  the  strophomenoid  type  is  Leptana  (Fig.  1503), 
which  is  characterized  by  concentric  undulations  and  an  abruptly 
bent-down  outer  portion.  This  was  especially  abundant  in  the 
middle  Palaeozoic. 

Very  characteristic  of  the  Paleozoic  are  the  pentameroid  shells, 
usually  smooth  but  often  plicated,  in  which  the  interior  is  divided 
by  vertical  partitions,  two  in  the  brachial  and  one  in  the  pedicle 
valve  which  divides  beneath  the  beak  to  form  a  spoon-shaped 
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structure  (spondylium).  They  range  throughout  the  Palsozoic 
but  are  most  characteristic  of  the  Silurian  and  Devonian  (Figs. 
1153, 1213  c,  1247).  The  Paleozoic  rhynchonelloid  shells  are  usu- 
ally strongly  plicated  and   without  hinge  area.    Many   genera 


Fic.  1459.  —  American  species  of  OrtHs  arranged  to  illustrate  the  several 
lines  of  development. 
I.  a.  BUUngHlla  {B.  cohraioauit),  Cunbrian ;  sUongiy  txDveic  pedicle,  neiily  flat 
hrachjal.  valve,  long  binge ;  b,  Orthil  (0.  triccToria),  long  hinge,  deep  pedicle,  sballow 
bnchial.  valve,  coarse  plications.  Middle  Ordovician  (Stone's  River);  c,  Plectoithl* 
(P.  pKealtOa),  bng  hinge,  valves  nearly  equally  eonvei,  coarse  plications,  early  Upper 
Ordovician  (TientoD-Lotiaine) ;  d.  Dinorthii  {D.  ptcUntUa),  early  Upper  Ordovidaa 
(Trenton),  long  hinge,  coarse  plications,  pedicle  valve  the  shallower.  II,  e,  Orthli  (0. 
coiUdit)  Middle  Ordovician  (Chazy),  long  hinge,  fine  plications  (due  to  repeated  interca- 
lation), pedicle  valve  strongly  convex,  brachial  valve  lat;  /,  Pleetorthli  (P.  ^ricMto), 
Upper  Ordovician  (Lorraine),  long  hinge,  fine  plications,  valves  nearly  equally  convex; 
(,  Habaitella  {H.  a/icatu).  Upper  Ordovidan  (Lorraine),  long  hinge,  fine  plicatiooa,  pedi- 
cle valve  shallow,  brachial  valve  strongly  convex.  Ill,  A,  Dalmanella  (J),  (esitidmaria), 
early  Upper  Ordovician  (Trenton),  short  hinge,  fine  plications,  valves  nearly  equally 
convex ;  i.  RhipidomeUa  {R.  vanuxtmf).  Middle  Devonian  (Hamillon)  (ttie  genus  ranges 
from  [he  Silurian  on),  short  hinged  (round  form),  tine  plications  (sCriations),  pedicle 
valve  less  convex  than  brachial;  },  Schiiophoti>(5.MrNijK{a), Upper  Devonian,  short 
hinged,  fine  plications,  pedicle  valve  shallow,  brachial  valve  strongly  convex.    (I.  F.) 
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I  Almost  restricted  to  the  Palffiozoic  and  exceedingly  character- 
istic of  it  are  the  spire-bearing  brachiopods  in  which  the  support 
of  the  fleshy  anns  is  twisted  into  a  pair  of  spiral  cones.  The 
earliest  of  these  occur  in  the  Ordovician  Protosyga,  Cydospira, 


Fro.  1504  c. — The  more  complex 

spiral    arm    supports    of    Zygospira  Fic.  lynd.  —  A  Silurian  fonn  with 

modeata,     late      Upp«r     Ordovician.  simple  outward-coiling  spirals.   {Dayia 

(Eden-KJctuDond.)  navkula,  Niagartm  of  Europe.) 


Fig.  1504  e.  — Ueriila  hercuUa.     Lower  Devonian,  Bohemia,  showing  the 
higMy  conqilex  characters  of  the  spiral  arm  supports.    (Davidson.) 


FlO.  1504  /.  —  The  brachidium  of  Rkynchospira  [Bomaospira)  evax.  /,  A  very 
early  stage  of  growth ;  g,  the  mature  condition.  (This  is  a  plicated  shell.) 
(After  Bcecher  and  Clarke.) 
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Zygospira,  Figs.  1504  a-1504  c),  but  there  are  few  species.  In  the 
Silurian  and  Devonian  they  are  exceedingly  abundant  The  prin- 
dpai  forms  are  Atrypa,  a  finely  plicated  shell  with  extremely  convex 
brachial  valve  into  which  the  spires  project  and  without  hinge-area 


Fig.  1505.  —  A  series  of  specimens  of  Spirifer  tnucronatus  (Middle  Devonian, 
Hamilton  group),  showing  die  variation  in  form,  and  the  diange  with  increase 

a,  shows  the  lata*Uy  extended  or  "  mucronate  "  mutation,  characteristic  of  the  lower 
beds ;  i,  it  relatively  higher,  but  the  promiiKiit  giowtb-Uae  of  the  immature  shell 
shows  that  before  it  had  readied  its  full  growth  it  had  the  proportioas  of  the  adult 
shell  (a)  in  the  bwer  beds ;  c.  shows  extreme  shortening,  characteristic  of  the  ipecica  in 
the  highest  beds.  Because  of  the  curvature  of  the  shell  (he  relative  dimensions  are 
not  aivredated.  These  are  sliown  in  d,  which  is  the  shell  c  flattened  out,  ^ving  true 
pn^nrtioD  of  length  and  width.  Tlie  half-grown  shell  in  this  variety  is  much  shorter 
pnqurtionally,  apfwoacbing  more  nearly  the  adult  of  mutations  m  lower  horiions. 
(From  Prindtla  d}  StraUpapky.) 

in  the  adult  (Fig.  S73,  p.  115),  Dayia,  Whtlfieldella,  Merista,  etc, 
bi-convex  smooth  shells  without  hinge-area  and  with  laterally 
projecting  spirals  (Figs.  1504  d-g);  and  Spirifer  (Figs.  1505, 
1506),  transversely  elongate,  plicated  or  non-plicated  shells,  with 
well-developed  hinge-area 
and  laterally  extending, 
strong,  internal  spirals. 

Upwards  of  3000  qiecies 
of  brachiopods  are  known 
from    the   Ordovician   and 
Fio.    1S06.  — Spirifer  mttaomOw.     In-    the    Silurian    and    perhaps 
terior  of  brachial  valve,  showing  spirals,    .  „.!     ,_     „„„„    »,.„„     ,.v_ 

Devonian,  these  bemg  the 
three  eras  of  brachiopod  supremacy.  In  the  later  Palieozoic  they 
decline  rapidly  and  most  of  the  genera  disappear  towards  its  close. 
The  Mesozoic  and  younger  types  are  mostly  descendants  of 
Palfeozoic  rhynchonelloids,  terebratuloids,  and  a  few  others.  The 
Palaeozoic  was  preeminently  the  age  of  brachiopods. 
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Pelecypoda.  —  These  bi-valved  MoUusca  appear  rather  suddenly 
in  the  Middle  Ordovician,  though  there  are  two  small  forms  of 
doubtful  affinity  found  in  the  Cambrian.  The  early  Paleozoic 
pelecypods  are  in   the  main   characterized  by  having  a  large 


Fig.  1507.  —  A  group  of  FalEozoic  pelecypods  with  primitively  notched 
(taitodont)  hinge-liue.  This  is  the  type  of  hinge  characteristic  of  the  earliest 
shell-stage  (prodissoconch)  of  later  pelecypods. 

0,  CfnuJiHiAi  f»U<nJ<i,  Ordovidsa  (Stones  lUver) ;  b,  C.  Mfgiia,  internal  maid, 
Ordovidin  (CindnnBtiui) ;  c,  d,  Nucutila  Mangatia,  inlenuJ  ntolds,  Middle  Devonian 
(Hamilton):  '.  PaUo/itUa  cautritia,  enlarged,  Devonian  (HamiltoD) ;  /.  t,  Lttt 
pandarifermii,  interior  of  diell,  and  internal  mold;  Mississippian  (Waverlyan). 

number  of  simple  and  similar  teeth  on  the  hinge-line  (tazodont 
types,  Fig.  1507)  which  recall  the  hinge-characteristics  of  the 
early  or  prodissoconch  stage  of  modem  pelecypods  (Figs. 
1508  a-c).  Mussel-like  shells  {Modiomorpha,  etc,  Fig.  1509)  are 
very  characteristic  of  the  Devonian.  On 
the  whole,  plicated  shells,  so  common 
to-day,  are  not  very  frequent  in  the 

Paleozoic,  where  shell  ornamentation  is  '^Mllfj^^  ^^'^'''''!)''d 
seldom  carried  very  far.  Hence  the  ^"''*^  ^--^y^/'-/ 
form  and  hinge-structure  have  largely  to  -        -n.       j 

be  reUed  upon  for  the  differentiation  of  eiiib5onif!hdl~^r  fr,dwl 
genera  and  species,  and  little  can  be  said  conch  of  the  oyster  {Osbea 
in  the  way  of  general  characters  of  the    "'P-wna).    Much  enlarged. 

■     n-i  •    .■  TT.  r    (After  Tadtson.) 

group  m  Palseozoic  tune.    The  acme  of 

development  of  this  group  falls  in  Tertiary  and  recent  times.  The 
majority  of  Paleozoic  forms  belong  to  the  order  Prionodesmacea, 
the  other  two  orders  being  represented  by  only  four  families, 
three  of  which  are  restricted  to  the  Palfeozoic. 
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GastropotU.  —  These  are  also  represented  by  primitive  forms, 
this  class,  like  the  preceding,  having  reached  its  highest  develop- 
ment at  the  present  time.  The  chief  Palaeozoic  types  are  the  Bel- 
lerophons,  coiled  in  a  single  plane  and  with  a  notch  or  slit  in  the 


Fio.  1508  b,  6.  —  Embryonic  shell  stages  (prodiBsocoochi,  f)  »"  tl>™  nonrud 
relationship  to  the  later  shdl-stages,  enlarged-,  b,  AtUula;  right  and  left 
valves;  c,  Area  facala.     {After  Jackson.) 

outer  margin  (Figs.  ii^$j-p);  the  Pleurotomarias,  coiled  in 
snail-like  manner  but  varying  greatly  in  height  and  form  of 
spire,  also  with  a  slit  or  notch  in  the  outer  or  upper  margin 


Fic.  isog.  —  A  senes  of  Palieozoic  mussel  shells  or  Modiomorphaa.  These 
have,  in  their  adult  stages,  the  form  and  characters  found  in  the  young  of 
Meaozoic  and  modem  musEiela  to  which  they  hold  ancestral  relationships. 

d,  Uedulopsii  mylilmdfs.  Upper  Ordovician  {Trenton) ;  i.  M,  cBnttnlrica,  Upper 
Ordovician  (Cincinnati);  t,  U.  modieltiris,  Upper  Ordovician  (Lorndne) ;  i,  Utih- 
marpha  suialaU;  t.  M.  alia;  f,  M.  coHcinlrica;  (d-J.  Middle  Devoniu),  Hamil- 
ton).    (I.F.) 

(Figs.  ii$sa-i;i}iSa,  b;  1411^-:;);  and  various  simple  coiled 
shells  with  entire  margins  (Figs.  1380  a,  b).  Types  are  frequently 
found  which  have  lost  the  power  of  coiling  (Platyceras,  etc..  Figs. 
1318  g~o).    In  the  Cambrian  the  gastropods  are  chiefly  represented 
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by  cap-shaped  types  (Figs.  1016  a,  1017  a-d)  in  which  the  coiling 
has  not  yet  been  developed.  They  are  similar  in  form  to  modem 
limpet  shells  {Patella,  Acmaa,  Figs.  883,  888  y,  z)  but  these 
modem  fonns  have  usually  a  more  or  less  well-coiled  young  stage, 
showing  that  their  form  is  not  primitive.  The  Palseozoic  patelloids, 
on  the  other  hand,  represent  the  earUest  form  of  gastropod  shells 
and  the  entire  evolutionary  history  of  these  organisms  appears  to 
date  from  the  Cambrian.  Very  many  of  the  Palaeozoic  types 
represent  side  lines  in  development  and  died  out  completely; 
others  have  post-Falxozoic  descendants. 

Air-breathing  gastropods  (Pulmonata),  represented  to-day  by 
land  snails,  appear  to  have  arisen  in  Silurian  time  {Eercyndla, 
Fig.  laao),  if  not  earlier.  They  and  the  fresh-water  forms  were, 
however,  not  common  until  Mesozoic  and 
Tertiary  time.  To-day  of  the  twenty 
thousand  or  more  species  of  gastropods 
known,  perhaps  two  fifths  are  air- 
breathers. 

Pteropoda     and    Conularida.  —  True 
pteropods  seem  to  be  represented  in  the 
Palieozoic  by  the  genus  StylioUna  (Fig.       y\o.  1510.- 
1510), asmallslender  tube,  showingonly    surdla,  a  minute  pteropod 

lines  of  growth,  and  occurring  in  vast    ^'"^  °^  **.  "'i'"'   ^"^ 
"  °  Upper  Devomaji.    rragment 

numbers  m  the  Devonian  rocks  of  with  Dumerous  individuals 
America  and  Europe  and  closely  resem-  enlarged  three  times;  and  a 
bUng  some  modem  forms  (5iywia,  Fig.  (^^^r^**  '"^'^■ 
890).     In  the  Cambrian   the  group  is 

represented  by  the  Hyolitkida  (Figs.  1017  e-i,  p.  230),  slender 
tubes  of  varying  cross-section,  and  in  the  typical  form  ,with  one 
side  produced  lip-like  anteriorly.  Other  more  flaring  and  shorter 
tubes,  SaitereUa  (Fig.  1017  j-k),  referred  to  the  Conularida,  are 
also  very  abundant  in  certain  Cambrian  strata.  But  the  Ten- 
taculites  (Fig.  11 75),  slender  thick-walled  tubes  marked  by  a  more 
or  less  regular  series  of  aimulations  or  rings,  are  most  characteristic 
of  the  Silurian  and  Devonian,  while  the  larger  angular  tubes  with 
cross-striated,  flat -or  medially  depressed  sides,  known  as  Conularia 
(Fig.  1511),  range  from  the  Ordovician  to  the  Jurassic  but  are  most 
characteristic  of  the  Palieozoic  (Ordovician  to  Devonian). 

Cephalopoda.  —  The  earliest  known  cephalopod  shell  is  found 
in  the  Lower  and  Middle  Cambrian  of  Europe  and  America  (Fui- 
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bortlKlla,¥ig.  1512).  It  is  a  minute  straight  cone  with  conical  septa 
and,  apparently,  a  dmple,  small,  central  siphunde.  From  this  form 
on  the  one  hand  was  derived  the  orthoceran  shell,  the  most  persistent 
of  the  Patxozoic  cephalopods,  and  on  the  other  the  endoceran  and 
related  types  {Eolochoanites,  Fig.  1136/,  p.  305)  which  had  an 
enormous  development  in  the  Ordovidan  but  practically  died  out 
at  the  end  of  that  era  there  being  few  survivors  m  the  Silunan 
This  group  has  an  inner  tube  filled  with  corneal  septa  which  are 
closely  crowded  so  as  to  produce  a  sohd  filling  but  which  still  re- 
tain the  central  siphuncle  (endosiphunde)  (Figs  15139  b)  Such 
a  structure  would  be  produced  by  the  close  crowdmg  of  the 


^O.    1511.  —  Conidana 
Miasissippian  (Waverly  group). 


Fig  isij  — The  oldest  known 
Cephalopod  sbell  [  olborlktUa  Unuu 
from  the  Middle  Cambnan  of  the 
Atlantic  proviDce  (Eastern  Canada 
Sweden  etc)  Natural  size  This 
u  an  OTthoceran  shell  with  simple 
funnel-form  septa,  and  is  ancestral  to 
both  the  Ejidoceran  and  the  Ortho- 
ceran Unes  of  development.     (I.  F.) 


septa  o^  Vt^borthella.  This  central  tube,  the  wall  of  whidi  ia 
wanting  in  the  later  stages  of  specialized  types,  is  inclosed  in  a 
larger  shell  in  which  distinct  chambers  are  developed,  nearly  but 
not  quite  surrounding  the  inner  tube  which  generally  lies  on  one 
side  of  the  outer  shell.  Many  modifications  were  developed  during 
the  Ordovician  and  even  some  curved  forms  arose.  Some  of  these 
shells  reached  a  very  large  size  and  were  of  an  exceedingly  massive 
character. 

The  orthoceran  shell  was  apparently  formed  by  the  flattening 
of  the  conical  septa  of  the  ancestral  type  until  they  were  saucer- 
shaped,  and  by  modifications  of  the  siphuncle.  It  was  a  much 
lighter  shell  with  many   air   chambers  (Fig.   898,  p.   130)   and 
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probably  on  this  account  was  the  successful  type  which  dominated 
the  waters  of  the  oceans  throughout  most  of  Palteozoic  time  (Fig. 
1514).  Beginning  with  the  Ordovidan  period,  these  orthoceran 
types  successively  invaded  the  epeiric  seas  wherever  the  conditions 
of  eastence  were  favorable.  Once  within  those  shallow  provincial 
water  bodies,  they  quickly  developed  a  great  series  of  modifications, 
the  most  pronounced  of  which  was  in  the  manner  of  growth.  By 
more  rapid  growth  on  one  side,  curved  forms  resulted  (cyrtoceran. 
Fig.  899).    This  curved  form  of  growth  was  inherited  early  by 


Fic.  1513  d.— LongitudintlMCtun 
of  the  shell  ol  Endceerai,  showing  the 
solid  inner  core  formed  of  uiccesuve 
fiumel-like  layers,  pierced  by  a  fine 
central  tube  (not  revealed  in  this 
section)  and  surrounded  by  the  aii 
chambers.  (See  Fig.  1136/,  p.  305.) 
(Froin  Zittel,  GrundtUp.) 


Fig.  1513^.  —  Diagrammatic  longi- 
tudinal  section  of  a  primitive  ortho- 
ceran cone  (VagiHocerai  conmaaie) 
from  the  Ordovician  of  Russia,  and 
detached  chamber  or  camera  of  Vap- 
noceras  with  its  funnel-form  prolon- 
gation. (After  Dewitz.)  Note  the 
overlapping  character  of  the  septal 
prolongations  or  "funnels."  (From 
Zittel,  GruttdiUp.) 


the  succeeding  generations,  which  assumed  this  method  of 
growth  to  a  more  pronounced  degree.  As  a  result  spirally  coiled 
shells  (gyroceran.  Fig.  900)  were  produced,  and  as  the  inequality 
of  growth  increased,  the  outer  or  ventral  portion  gaining  con- 
stantly on  the  inner  or  dorsal  portion,  this  latter  side  came  in  dose 
(xintact  with  the  preceding  whorl  and  finally  became  indented  by 
it  before  that  part  of  the  ^ell  was  hardened  by  the  deposition  of 
lime.  This  indented  portion,  the  so-called  impressed  zone,  be- 
came more  and  more  pronounced,  so  that  the  later  whorls  covered 
the  older  to  an  increasing  degree  and  developed  the  Nautilus 
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type  (Fig,  902).  Many  such  with  moderately  impressed  zone 
were  developed  in  the  Ordovidan  (Figs.  ii$6d,  e);  some  of 
'  these  in  their  later  stages,  however,  again  lost  this  power  of 
unequal  growth,  so  that  the  final  portion  of  the  ^11  was 
again  built  straight.  This  is  taken  to  indicate  that  the  vigor 
of  that  particular  group  is  on  the  decline,  so  that  characters 
developed  early  in  life  are  lost  again  in  old  age  or  even  in 
adulthood.  These  forms  died  out  at  the  end  of  the  Ordovidan, 
and  the  Silurian  epeiric  seas  were  invaded  by  a  new  series  of 


Fig.  1514.  —  Restoration  of  an  Upper  Devonian  sea-bottom,  showing  «ii 
OrtlioceTas  with  the  head  and  tentacles  projecting  from  the  end  of  the  shell 
which  lies  upon  the  sandy  bottom  amidst  the  seaweeds.  Two  of  the  small 
primitive  fish  of  the  period  are  shown,  as  well  as  an  expanded  starfish.  From 
the  model  in  the  New  York  SWte  Museum  at  Albany.     (After  John  M.  ClaAe.) 

orthoceran  types  which  again  gave  rise  to  curved  and  coiled  forms, 
forming  parallel  series  to  those  of  the  Ordovidan.  The  same  thing 
happened  in  Devonian  time  and  again  in  the  Mississippian.  In 
each  successive  period,  however,  the  power  of  curved  and  coiled 
growth  was  acquired  more  quickly  than  in  the  preceding,  so  that 
the  dominant  forms  of  each  period  showed  an  advance  over  those 
of  the  preceding  one.  Thus  in  the  Silurian  the  curved  or  cyrtoceran 
types  predominated,  in  the  Devonian  the  loose-coiled  or  gyroceran, 
and   in   the   Mississippian   and   Pennsylvanian    the   dose-coiled 
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n&utilian  type.  Thus  the  race  made  progress  on  the  whole,  though 
in  each  case  certain  families  progressed  more  rapidly  than  the 
majority  and  reached  a  condition  of  close  coiling,  or  a  nautiloid 
character.  In  the  later  Palaeozoic  the  nautiloids  underwent  many 
modifications  of  form  (Figs.  1515,  1516). 

In  the  Devonian  certain  Nautilus  types  underwent  a  new 
modification  by  the  excessive  enlargement  of  a  part  of  the  shell- 
building  layer  or  mantle,  which  in  consequence  became  too  large 
to  fill  the  cavity  of  the  shell  (living  chamber)  and  so  was  crowded 
into  a  series  of  mai^nal  flutings  or  folds.  We  may  illustrate  this 
by  comparJiig  the  animal's  body  with  a  rubber  pouch,  cylindrical 
at  the  top  but  flaring  at  the  bottom.  If  such  a  pouch  were 
crowded   into   a   cylindrical   tube   of   rigid   material   the  iimer 


Flo.  1515  a-}.  —  Misaisiipptaii  nautiloids:  a-c,  Aphdecenu dixi/orme,  X  i; 
b,  inner  »de  of  whorl  sbowiog  septa,  X  i;  c,  transverse  section,  X  i ;  Keokuk 
of  niioois.  d-f,  Remekoctras clarktnst,  X  ))  «,  inner  side  of  whorls, showing 
impressed  M>ne  («) ;  /,  outer  or  ventral  side  of  whorl ;  Knobstone  of  Indiana. 
Note  that  these  oautUoids  are  but  slighdy  involute. 

diameter  of  which  is  just  equal  to  the  upper  cylindrical  part  of 
the  pouch,  it  is  evident  that  the  lower,  flaring  part  of  the 
pouch  would  have  to  be  crowded  into  a  series  of  folds  or  flutings 
in  order  to  fit  into  the  cylindrical  tube  which  represents  the 
shell  of  the  animal.  If  a  partition  were  built  across  the  tube  at 
the  bottom  of  the  pouch,  so  that  the  form  of  the  partition  corre- 
sponded exactly  to  its  bottom,  it  is  evident  that  this  partition  or 
septum  woidd  be  smooth  in  the  center  but  fluted  at  the  margins 
where  it  joins  the  outer  tube.  In  other  words,  the  septum 
by  itself  will  have  the  appearance  of  a  saucer  with  a  fluted 
margin.  It  b  also  evident  that  the  more  flaring  the  bottom  of 
the  pouch  the  more  intricate  wUl  be  the  folding  as  it  is  crowded 
into  the  cylinder  and  the  more  complex  will  be  the  fluting  of  the 
margin  of  the  septum  built  to  conform  to  its  bottom  surface. 
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Fig.    1516.  —  Misshsippiau   and    Caibouic    oautiloids.    11-6,   Uelacacatu 

vmUotli,  X  1,  Carbonic  of  Teios;  c-d,  Edophocerai  molaae,  X  ),  part  of  niiorl; 
Keokuk  of  Illinois;  e~f,  Tkriricoceras  dtpressum,  X  i,  Caibonic  of  Kentucky; 
t-k,  Phacoceras  duwblii,  X  i,  Carbonic  of  Kansas;  i-j,  Temnocli^lta  forbeii- 
anus,  X  i,  Carbonic  of  Central  and  Southern  States;  iM,  SoUtwcktUus  cU- 
hctus,  two  individuals,  X  1,  St,  Louis  limestone,  Ind.,  HI.,  etc..  Carbonic  <rf 
Texas;  m-n,  Tainocerai  caaUam,  X  1,  Carbonic  of  Texas;  o-p,  Sltaroceroi 
gibbosum,  X  i.  Carbonic  of  Texas.  Note  the  varying  degrees  of  invtdution  and 
the  variations  in  form. 
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Let  us  next  assume  that  a  coiled  tube,  divided  at  intervals  by 
septa,  is  completely  filled  with  mud  which  hardens  to  stone,  the 
hardened  mud  thus  filling  the  air-chambera  between  the  septa. 
Breaking  away  the  outer  shell,  the  filling  of  stone  would  beoime 
visible,  divided  by  the  septa,  of  which  only  the  edges  which  were 
in  contact  with  the  shell  would  be  seen.  If  the  edge  of  the  septum 
was  a  smooth  one,  as  in  NatiHius,  it  would  appear  as  a  simple  line 
or  thin  band  endrcUng  the  stony  filling  of  the  interior.  If  the  edge 
was  fluted,  this  endrding  band  would  exhibit  these  fiutings.  In 
the  stony  casts  of  cephal- 
opod  shells,  these  visible  I 
edges  of  the  septa  are  called 
sutures  and  in  the  NaiUilus 
they  are  simple  (Kgs.  1515, 
1516).  When  they  show  a 
series  of  ample  folds  or 
flutings  the  type  is  design 
oaXcd  aGomatiU  (Pig.  1383) 
and  it  is  these  which  first 
arose  from  the  NauiUus  type 
in  Devonian  time,  after  the 
manner  outlined.  In  the 
Mississippian  some  of  these 
became  more  complicated, 

secondary  flutings  forming  ^                 .,..,„„.. 

.,       .      ,         J  L     J-  Fig.  1517.  —  A  Middle  Cambnui  tnlo- 

on    the    badtward-bendmg  bite.  ifa„dfa  »i*«fc«,  dorsal  view,  Ulu^ 

lobes   (Fig.    1416).     This  is  trating  the  Moments  ol  the  body,  carapace, 

called  the  CertUiU  type,  and  '^^  '"  S»**  posterior  spines.    Burgess 

,   .              .    ,,     ,,.    .  shale,  British  Columbia.     (After  Walcott.) 
though  it  arose  m  the  Missis- 


it  did  not  become  the  dom- 
inant type  until  the  Triassic  (Fig.  1601).  Finally  in  the  Per- 
mian, and  even  earlier,  a  still  more  complex  type  arose  where 
the  forward-bending  parts  of  the  suture  —  the  saddles  —  also 
developed  secondary  flutings.  This  constitutes  the  ammonite 
type  (Figs.  1451-1453)  and  it  became  the  dominant  one  in 
Jurassic  time  (Figs.  1658-1672).  It  is  probable  that  these  special- 
ized types  led  a  pelagic  life,  and  so  could  survive  the  great  dianges 
which  formed  so  potent  a  factor  in  the  wholesale  extermination  of 
life  at  the  end  of  the  Paleozoic 
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Trilobites.  —  Of  all  Paleozoic  animals  these  are  the  most 
unique,  for  they  have  left  no  descendants  in  post-Palxozoic  time, 
though  other  classes  have  survived,  such  as  the  insects  to  which 
they  apparently  gave  rise  in  the  Palieozoic.  In  the  oldest  Palaeozoic 
strata  trilobites  are  already  represented  by  many  diverse  and  highly 
organized  types;  hence  we  must  conclude  that  these  animals  had 
a  long  pre-Palsozoic  history  which  is  unknown  because  the  marine 
rocks  of  the  earlier  periods  have  not  yet  been  discovered.  These 
animals  had  their  mn»imiim  development  in  the  Cambrian  (Figs. 
1019-1030,  1517-1519)  {13 
families)  and  Ordovidan 
(Figs.  1067, 1068, 1137, 1138) 
(33  families),  after  which 
they  steadily  declined  until 
in  the  Pennsylvanian  only- 
five  genera,  all  of  one  family, 
remained,  and  only  one  (Pkil- 
lipsia,  Fig.  1383)  continued 
into  the  Permian.  Of  the 
three  orders  of  the  trilobites 
two  (Hypoparia,  Opistho- 
paria)  arose' in  pre-Cambrian 
time,  and  one  (Proparia)  in 
the  Ordovidan. 

Other     Crustacea.  —  The 
division  of  the  Branchiopods 
Fio..s,8-ifarr«tt.i^fc«*~     Ven-     (indudmg     PhyUopods),    so 
tr»l  VKW  of  another  specimen,  showing  „    .   .  l  ■     1 

large  gUl  lobes  (ftr)  (epipodites) ;  ab,  ah-  caU™  because  their  legs  are 
domen;  x,  posterior  spine  or  lobe  of  cara-  ,  leaf-like  (giU-Iike)  in  form, 
p«e;  .-  utmule;  »,  ».ndibU  (Xri.  ^j  which  are  represented 
Middle  Cambnan,  Burgess  shale,  Bntish     ,         ,  ,  ^ 

Columbia.    (After  Walcott.)  hy  the  modem  genus  Aptts 

(Fig.  935,  p.  144),  appears  to 
be  a  very  old  one  and  is  regarded  by  high  authorities  as  ancestral 
to  trilobites  and  other  Crustacea  as  well.  These  forms  live  to-day 
mainly  in  fresh  water  or  in  brackish  or  salt  lakes,  and  this  may 
have  been  true  of  many  of  the  earlier  ones  as  well.  They  are 
naked  or  covered  by  a  homy  carapace  of  one  or  more  pieces. 
There  are  several  genera  in  the  Cambrian  and  Ordovidan,  where 
they  appear  to  have  been  marine  (Figs.  1530-1533).  In  the  De- 
vonian and  later  Palceozoic  occur  freshwater  forms,  of  types  which 
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continue  into  the  Trias  {Estheria,  Figs.  1335  e,  1421  g,  k,  1607)  and 
even  into  the  Pleistocene. 

The  division  of  the  Ostracoda  differs  from  the  preceding,  in  that 
the  whole  body  is  inclosed  in  a  homy  or  calcareous  shell  instead 


Fio.  tjiq.  —  Restoration  of  the  under  side  of  a  trilobite  (NtokHus  serratia. 
Middle  Cambrian),  showing  the  appendages.  (After  Walcott.) 
^.donal  shidd ;  ky,  upper  lip  or  hypajtome;  A,  antcnnules ;  An.  anal  aperture; 
C.r^  c»ud»l  spines  or  rami;  En.,  inner  branches  (cndopodites)  (rf  walking  legs;  Ex.. 
outer  brandiei  (exopoditcsl  ol  walldng  legs  ;  pr..  basa]  joint  al  leg  (rom  which  the  two 
bfanches  endopodite  (m)  and  eiapodite  (ri)  arise;  v.i..  ventral  covering  or  integument ; 
Ep.,  gill  o'  brsnchia  (epipodite). 

of  only  the  anterior  part.  They  appear  to  have  their  first  un- 
doubted representation  in  the  Lower  Ordovician  and  become  very 
abundant  in  the  Middle  and  Upper  Ordovician.     The  prevailing 


Life  During  the  Paleozoic 


Fig.  1510.  —  Waptiafieldtnsis.  A  Middle  Cambriaa  branchiopod  cnuUcean. 
Ekirsal  view  of  a  specimen  flattened  on  shale  (X  i-s)-  c,  carapace;  e,  eye; 
a,  antennEi  tU,  thoracic  l^s;  cr,  caudal  rami.  Burgess  shale,  British  Co- 
lumtda.    (After  Walcott.) 


Fic.  iSJi,  — OpabittUi  Ttgalit.  A  Middle  Cambrian  branchiopod  ci 
dorsal  view,  male,  flattened  on  shale;  /^,  frontal  appendage;  (,  eye;  fAi,  tbo- 
iBcic  somites;  i,  intestine;  oi,  abdominal  segment.  Burgess  shale  of  St^heo 
formation,  British  Columbia.    (After  Walcott.) 


Fig.  1512.  —  llymenocaris  perfecla.  A  Middle  Cambrian  branchiopod,  X  1. 
Side  view  of  right  valve,  showing  form,  abdomen,  and  appendages;  ad,  ad- 
ductor muscle  scar;  i,  intestine;  Ihl,  thoradc  legs;  br,  gills.  Burgess  shale, 
British  Columbia.    (AfUr  Walcott.) 
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FlO.  1513.  — Leaticheiiia  suptrlaia.  A  Middle  Cambrian  branchiopod,  side 
view,  natural  size;  upper  ^>eciineii  Bynenocaris  perjecta,  dorsal  view  of  a 
crushed  spedmen,  natural  size.  Burgess  sbale,  British  Columbia.  (After 
Walcott.) 

types  through  the  Silurian  belong  to  the  Leperditia  and  BeyricMa 

families  (Figs.  1139, 1339, 1334).    Toward  the  close  of  that  period, 

the  Leperditias  disappear,  while  the 

Cyprid  (Pig.  13S4)  family  makes  its 

appearance,  and  in  the  Penitsylvanian 

the  family  of  the  Cypridinidse  (Fig. 

1418)  is  most  characteristic.    Ostra- 

cods  continue  to  exist  to  the  present   , 

time. 

The  Cirripedes  or  Barnacles  are 
represented  by  peculiar  types  in  the 
Palieozoic  {Lepidocoleus,  Turrilepas, 
Strobilepis,  etc.,  Figs.  1534  a,  b)  more 
nearly  related  to  the  modem  goose 
barnacle  {Lepas,  Fig.  939)  than  to  the 
acorn  barnacle  {Balanus,  Fig.  93S). 
These  begin  mainly  in  the  Tertiary, 
but  there  is  one  Devonian  represent- 

aUve  (PfotoifllaMiK)  —  though  it  is  p,^.  .j,^  a,  ft.-Ptkozoic 
of  doubtful  affinity.  bamacles  or  dmpedn  (I.  F.). 

The  group  of  phyllocarid  crustaceans  "-  Ltpid«oU»s  wtii.four  views 
11  .   J   ■      ^u      n  1  (XiJ),  Silurian   (Niagaran);  b, 

IS  well  represented  m  the  Paleozoic  'slolikp.U  .^mWr.ide  and 
deposits,  where  probably  a  number  of  dorsal  views,  slightly  reduced, 
■  them    inhabited    fresh    or    brackish  Devonian  (Hamilton). 
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waters,  as  is  suggested  by  the  nature  ofthe  strata  in  which  they 
occur.  Such  are  Ceraliocaris  (Fig.  1525)  of  the  Silurian  water- 
limes,  and  a  number  of  forms  from  the  Upper  Devonian  and  the 
Pennsylvanian  beds  of  eastern  North  America  (Fig.  1491,  p.  500). 
Truly  marine  forms,  however,  also  occur  in  Palaeozoic  deports. 


Fig.  is*S-  —  A  Siluruui  pbyllocarid  crustacean  ICtraliocaris  acuminata)  from 
the  Bertie  waterlime  (upper  Monroan}  of  Bufialo,  N.  Y.  (Xi).     (I.  F.) 

True  decapod  Crustacea,  the  order  which  includes  lobsters,  cray- 
fish, and  crabs,  are  unknown  from  the  Palxozoic;  but  there  are 
a  number  of  primitive  types  of  higher  cnistacea  which  occur  in  the 
Devonian  and  Pennsylvanian  rocks,  and  probably  include  the 


Fig.  1536.  —  Palieozoie  schizopod  (o-j)  and  ampbipod  (h-t)  cnistaceans. 
a-b,  PalaopaUemon  rtcwberryi,  X  \,  and  caudal  fin  and  last  thoradc  st^ment; 
Erie  shale,  Ohio,  Kinderhook,  Iowa,  c-t,  Palaocaris  lyfius,  X  i,  and  caudal  fin 
and  single  abdominal  foot  enlarged;  Coal-measures,  lUinoia,  /-;,  Anthrapa- 
lamon  gratilh,  X  i  (upper  surface  of  carapace  removed)  and  caudal  fin  and 
last  segments  enlarged ;  Coal-measures,  lUinois.  h-k,  AcaniholelseH  stimfiom, 
h,  dorsal,  i,  side  view,  j,  anterior  portion  enlarged,  k,  stylet  of  tail  enlarged ; 
Coal-measures,  Illinois. 


ancestral  stock  from  which  these  higher  forms  were  derived.  In 
practically  all  cases,  these  occur  in  deposits  believed  to  be  of  fresh- 
water origin  (Fig.  1536). 

MeroBtomata.  —  These  remarkable  crustacean-like  animals  were 
well  represented  in  the  Palxozoic,  but  mostly  by  fresh-water  forms. 
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The  euiypterids  were  the  leading  order,  and  these  seem  to  have 
been  throughout  inhabitants  of  the  rivers  (Fig,  1230,  p.  368).  The 
same  holds  true  for  many  of  .the  members  of  the  symdphosurans 
(BimotUs,  Semiaspis,  Pseudoniscus,  Fig.  1230  a),  and  for  some 
riphosurians  as  well  {Belinurus,  Prestwickia,  Protolimulus,  etc, 
Fig.  1431  a-d).  The  modemrepresentativeof  this  last  group,  how- 
ever, the  horseshoe  crab  {Limulus,  Fig.  937)  is  a.  marine  organism. 
There  were  apparently  also  a  number  of  marine  Paleeozoic  mero- 
stomes,  especially  in  the  Cambrian  (Figs.  1537-1530). 


FjG.  1527  a,  b.  —  iialarut  spinifera.  A  Middle  CambriAn  merostome 
(AgUspidie),  ude  and  dorsal  views  (X  3).  In  the  side  view  the  thoracic  pleurc 
of  the  s^ments  have  been  broken  anay  so  as  to  show  a[q>endages.  Burgess 
■hale,  British  Colombia.    {After  Wakott.) 

ScorpiiMu.  —  These  land  animals  appear  to  have  arisen  from  the  ' 
euiypterids  of  the  rivers  in  Mid-Silurian  time,  when  the  wide- 
spread withdrawal  of  the  sea  and  the  frequent  drying  up  of  the 
rivers  under  the  arid  conditions  which  prevaOed,  especially  in 
North  America,  placed  a  premium  on  the  ability  to  breathe  air 
direct.  Remains  of  the  oldest  known  scorpions  are  found  in  beds 
of  Upper  Silurian  age,  both  in  North  America  and  in  Europe 
(Figs.  9350,1231),  and  in  some  cases  they  follow  immediately 
upon  the  hiatus  which  represents  the  Middle  Silurian  interval. 
It  is  possible  that  the  Silurian  scorpions  were  still  able  to  breathe 
in  water,  as  structures  similar  to  the  gill-bearing  appendages  of  the 
euiypterids  occur.  But  the  later  Palaeozoic  scorpions,  like  the 
modem  ones,  were  undoubtedly  air-breathers,  slit-like  openings  or 
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stigmalA  in  the  abdomen  admitting  the  ur  to  the  lung  books. 
The  acme  of  development  of  the  scorpions  seems  to  have  been  in 
the  Pennsylvanlan,  after  which  the  order  declined  (Fig,  1531  a-c). 
Spiders,  etc.  —  These  appear  first  in  the  Coal-measure  beds, 
where  they  had  a  con^derable  number  of  represeatativcs.    There 


¥m.\%i%.—Eitutalddlabroeki.  A  Middle  Cambrian  merostome;  q)cdiiKn 
Qatteoed,  giving  partial  view  of  head  and  body  and  a  fine  profile  view  of  the 
abdomen  and  telson  (X  i).  e,  eye;  u',  antenna;  mi',  maxillula;  mec",  nuudlia; 
M,  thoracic  l^s;  i,  alimentary  canaL  Burgess  sh&le,  Briti^  Cohmdna. 
(After  Walcott.) 
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are  also  several  orders  of  spider-like  animals  which  are  confined 
to  the  Palaeozoic  (Fig.  1531  d-e). 

Hyriapods.  —  Centipedes  and  thousand-legs  are  known  from 
the  Old  Red  Sandstone  of  Scotland  (Devonian)  and  are  common 


Fio.  1539.  —  Middle  Cambrian  roerostome  of  tbe  order  Limulftrva.  Sid- 
neyia  inexpectans.  Large  dorsal  shield,  flattened  and  somewhat  broken.  An 
anteona  projects  on  each  side  in  front  of  the  eye,  and  oh  the  right  is  probably 
the  fourth  cephalo-thoracic  appendage,  pushed  bacL  under  the  second  segment 
of  the  abdomen  (X  |).  Stephen  formation  (Ojyjo^JM  shale),  Mt.  Stephen, 
BritUh  Columbia.    (After  Walcott.) 

in  the  Coal-measure  strata,  where  they  are  known  to  attain  the 
length  of  ao  cm.  {Fig.  1532). 

'  Insects.  —  These  are  abundant  in  the  Coal-measure  and  Permian 
strata  of  North  America  and  Europe  (Fig.  1533).  but  their  origin 
probably  dates  from  an  earlier  period.     Remains  of  insects  have 
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been  reported  from  Oidovidan  strata  of  Eun^,  but  there  setms 
to  be  doubt  R^arding  the  authenticity  ctf  this  rqiorted  occuirenoe. 


C^^< 


Fig.  1530.  — Sidneyia  inacpulaiu.  EDlargemait  of  under  side  of  k  taaO 
cqdialo-thonu  witb  antenoz  and  four  pairs  of  appendages  and  a  porttou  of 
epistoma  preserved  (X  1-7).  Middle  Cambrian  (Stqihen  shale),  Mt,  Stcpben, 
British  Columbia.     (Alter  Walcott.) 

It  b  held  by  high  authorities  that  the  insects  probably  arose  from 
some  trilobitc-like  crustacean,  and  the  most  available  type  for 
such  an  ancestry  seems  to  be  the  genus  jEglina  of  the  Ordovidah. 


FlO.  IS3I.  —  Paleozoic  (Carbonic)  scorpion  (a-e)  and  spiders  (d-«).  »-c, 
Eoicorpiia  carbonariia ,  neariy  entire  individual  (X]);  b,  comb  (pecten) 
enlarged;  c,  body  segment  enlarged;  Coal-measures,  Illinois,  d,  Geralinwa 
carbmariaiXi),  Mazoa  Creek,  Illinois ;  e,ATtkr9lycasaaiiliqua{Xi),  MuMt 
Creelt.m.    (I- F) 
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It  is  posdble  that  the  mid-Ordovidan  period  of  sea-withdrawal, 
recognized  in  America  and  Europe  (St.  Peter  emergence,  p.  373), 
may  have  been  the  one  during  which  this  development  of  air- 
breathing  types  took  place  from  the  marine  trilobites. 

Womu. — Owing  to  the  general  absence  of  hard  parts,  worms  leave 
only  occasional  indications  of  their  presence  where  peculiar  physical 
conditions  permitted  the  preservation  of  the  soft  parts  or  impres- 
sions, as  in  the  Cambrian  of  British  Columbia  (Figs.  1534,  1535)- 


Fk).  15J9.  —  PotoMMC  (Carbook)  myrutpods  (centipedes  and  "thousand 
Itgs")-  a,  Palaacampn  antlirax  (X  1),  showing  legs  and  bristles,  Mazon  Creek; 
6,  AcatiAerpesUt  major,  an  almost  complete  mdividuali  legs  on  upper  and 
bristlet  on  lower  side  of  specimen  (X  }).     (MazoD  Creek,  lUioois.) 

Sometimes,  too,  their  castings  are  preserved  with  sufficient  distinct- 
ness to  permit  of  their  recognition,  although  these  are  more  often 
found  in  younger  formations  (Fig.  768).  The  trails  and  burrows  of 
shallow-water  worms  are  much  more  frequently  preserved  even  in  the 
oldest  roclcs  {Planolites,  Fig.  9S5,  p.  188,  pre-Cambrian ;  EophyUm, 
Fig,  1018,  p.  231,  Lower  Cambrian;  Scoliihus,  Fig.  762,  p.  43, 
Upper  Cambrian,  etc.).  The  tube-building  worms  are  abundantly 
represented  by  the  minute'  coiled  shells  known  as  Spirorbis  (Fig, 
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1536)1  and  the  annulated  tubes  known  as  CormdUes,  CtmchicclUes, 
etc.  (Fig.  1537).  The  minute  homy  plates  and  toothed  structures, 
which  are  caUed,  collectively,  "conodonts"  and  which  are  believed 


Fic.  1533.  ^Palooioie  {Carbonic  and  Permian)  insects  of  North  America. 
a-c,  Polaadictyoplera  (a,  EubUplas  daiiidii  (X  1),  Mazon  Creek,  Illinois^ 
b,  Homollulus  fosstlis,  wing  (X  I),  Little  River  group,  New  Brunswick ;  c.Paoliil 
vetusCa,  ving  (X  )),  Mans&eld  sandstone  of  Indiana);  d,  Prolorlhoptera,Ux\xst&, 
etc.  (CyrofhUbia  longkoUis  (X  1),  Mozon  Creek,  Illinois  (see  also  Fig.  1431)); 
e,  /,  Protoblotloidta  or  archaic  cockroaches  (<.  Eucanus  omits  (X  1),  Mazon 
Creek,  Illinois;  /,  AdiphUbia  taeoana  (X  i),  Mazon  Creek,  Dlinois);  ;,  Blot- 
loidca  or  true  cockroaches  (Astnublailc  mazona  (X  )),  Mazon  Creek,  lUinois); 
A,  Hadcnkimoidea  (Hadentcmum  amcricanum  (X  i),  Maion  Creek,  Blinois); 
I,  Pkclopora  or  may-flies  (Probreiima  permianum  (X  1),  Permian  o(  Kansas); 
/,  ProtodtmaUi  or  dragon-flies  (Tupta  permiantis  (X  1),  Permian  of  Kansas). 
(1.  F.) 


to  be  the  oesophageal  teeth  of  annelids,  abound  in  several  of  the 
black  shales  of  the  Palaeozoic,  notably  the  Upper  Ordovidan  and 
the  Upper  Devonian  (Fig.  1335,  p.  43a). 
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Fio.   1 534.  —  Caimdia  iiiiiero.    A  Fig.  1555. — Canadiaspinosa.  Mid- 

slightly  contracted  specimcD  (X3)  of  die   Cambrian   worm  (Xi).     Dorsal 

a   Middle  Cambrian  worm,  showing  view  showing  setie  and  bundles  of 

parapodia  and  bundles  of  seUe.    Bur-  projecting   ventral    setK,   also    head 

gess  shale,  British  Columbia.    (After  and  tentacles.    Burgeu  shale,  British 

Wakott.)  Columbia.    (After  Walcott.) 


«    I 


Fig.  1537.  —  Aclusterof  PalBOtoic 
F(0.  1536.  —  Coiled  worm  tubes  of      worm  tubes  {ConclaccHtes  corrugeliu) 
the  PalKozoic  {Spirorbis  Itutu,  Upper      attached  to  a  sheU.    Upper  Ordovi- 
SHurian).    (I.  F.)  dan,  Ohio.    (I.  F.) 
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Echmodenns.  —  Of  the  three  great  divisions  of  tliis  phylum  — 
the  Pelmatozoa,  Asterozoa,  and  Echinozoa  (Figs.  944-963,  pp.  155- 
166),  the  first  is  most  abundantly  represented  in  the  Palaeozoic, 
while  the  other  two  have  their  ancestry  there,  but  the  acme  of 
thdr  development  belongs  to  a  later  period.  The  Pelmatozoa,  or 
stemmed  ediinoids,  comprise  three  classes.  The  cystoids  appear 
first  in  the  Cambrian  and  attain  their  maximum  in  the  Ordovidan 
and  Silurian,  where  more  than 
300  spedes  are  known,  while 
only  a  dozen  species  occur  in 
the  Devonian,  Mississippian, 
and  Pennsylvanian,  where 
they  become  entirely  extinct. 
The  blastoids  appear  first  in 
the  Ordovidan,  reach  their 
acme  in  the  Devonian  and 
Mississippian,  and  have  their 
last  representatives  in  the  Per- 
mian. The  crinoids  also  make 
their  first  appearance  in  the 
Ordovician  and  become  ex- 
ceedingly abundant  during 
the  remainder  of  the  Palaeo- 
zoic,  especially  in  the  Devo- 
nian and  Mississippian.  (Fig. 
1538;  see  also  Fig.  1233,  p. 

Fia.  ,538.  -  R«to.ation  of  an  Upper  l^'  ^f'  '''^'  '^'^i^'  «°' 
Devonian  crinoid  in  its  Natural  habitat.  ''^-  '3»S.  I30O.PP-4&9-47O-) 
From  the  model  in  the  New  York  State  Of  the  four  great  orders  into 
Museum  at  Albany.  (After  J.  M.  y^^^^j^  ^i^  ^lass  is  divided, 
three  (Camerata,  FlexibiUa, 
and  Inadunata)  are  practically  confined  to  the  Paleozoic,  only  cme 
family  having  a  Triassic  representative  {Encrinus,  Fig.  r6oo)>.  The 
fourth  group  (the  Articulata) ,  on  the  other  hand,  has  no  Palsozoic 
members,  but  is  well  represented  from  the  Juras^c  on.  In  the 
modem  sea  twenty  families  and  nine  additional  subfamihes  of  this 
group  are  found,  with  about  100  genera  and  650  spedes.  Of  these, 
580  spedes  belonging  to  85  genera  are  unstalked  forms  (comat- 
ulids,  Fig.  944),  and  these  are  the  dominant  types  to-day.  The 
tnodem  stalked  crinoids  live  in  deep  water,  but  the  Palieozoic 


Development  of  Palaeozoic  Organisms  587 

spedes  were  probably  all  shallow-water  forms,  judging  from  the 
character  of  the  rock  in  which  they  occur. 


Starfish  appear  first  in  the  Upper  Cambrian  or  Lower  Ordovidan 
(Tremadoc),  and  a  number  of  primitive  forms  are  known  from  the 
Silurian,  Devonian,  and  later  Palaeozoic  beds  (Figs.  1539-1541),  but 


Fio.  1540.  —  Palaofler  eucharii.     Diagram  of  portion  o(  ventral  side  with 

four  of  the  anns  bcomplete.  (After  Hall.) 
The  vabulacr*!  plates  in  the  center  have  each  only  a  sngle  groove  for  the  eitnuion 
of  (he  tubed  feet,  instead  of  two  as  in  most  modem  forms.  (See  Fig.  955  i,  p.  i&i.) 
The  young  plates,  at  the  apei  of  the  arms  in  the  modem  form,  have,  however,  only  ■ 
nngle  groove,  {a,  ambulacral  plate ;  p,  the  poie ;  aa,  adambulacral  plate ;  n,  mar^oa] 
plate;  Im,  teiminat  plate  of  the  margin&l  series;  e,  oial  plates,  of  which  there  aie 

the  greatest  development  of  these  animals  falls  in  post-Palaeozoic 
time.     Brittle  stars  (Ophiuroidea)  also  appear  in  the  Ordovidan  and 
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occar  likewise  in  other  Palxozoic  horizons  (Fig.  1543).    They  are, 
however,  most  extensively  developed  in  the  modem  seas. 

The  sea  urchins  (Echinoidea),  which  form  one  class  of  the 
Echinozoa,  have  their  oldest  known  representative  in  the  Or- 
dovician  of  Esthonia  {Botkriocidaris,  Fig.  1543).  Several  types 
occur  in  the  Silurian  and  the  Devonian,  a  larger  number  in  the 


_^^^^H 

Fio.  1541.  —  Restoration  oi  an  Upper  Devonian  starfish,  in  its  tmttira] 
habitat.  From  the  nx^el  in  the  New  York  State  Museum  at  Albany.  (After 
J.  M.  Clarke.) 

Mississippian,  and  fewer  in  the  Pennsylvanian  and  Permian.  Only 
four  orders  of  echinoids  are  found  in  the  Palieozoic.  Of  these  one 
is  confined  to  the  Ordovician,  being  represented  only  by  the  primi- 
tive genus  Botkriocidaris,  another,  with  two  genera  (Palaodiscus, 
and  Eckinocystis,  Fig.  1544),  to  the  Silurian,  while  one  order 
(Perischoechinoidea)  ranges  from  the  Silurian  to  the  Permian. 
This  order  is  characterized  by  having  mostly  very  many  columns 
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of  plates  in  each  area  (two  to  twenty  in  each  ambulacml,  and  three 
to  fourteen  in  each  inter-aabulacral  area),  and  it  is  wholly  confined 
to  the  Paleozoic  (examples:   Palteeckinus,  Fig.  1545;    Melonites, 


Fig.  IJ43. — Botkriocidans  piMtm. 
An  Ordovidan  eclunoid.  A ,  restored 
individua!  twice  enlarged ;  am,  ambu- 
lacnlareaoCtwocolumnsof  plates;  M, 
isterambulacnil  areas,  coDsisting  of 
only  one  column  o(  plates.  B,  plates 
of  upper  surface  surrounding  anal 
aperture  (a) ;  C,  plates  of  lower  sur- 
face, surrounding  oral  aperture  (0). 
(From  Stemmann.) 


Fig.  1388*,  p.  472).  Only  one  order,  that  of  the  Cidarida,  begins 
in  the  Devonian  or  Mississippian  and  continues  with  increasing 
numbers  through  the  Mesozoic  and  Tertiary  to  the  present  time. 

Holotburians,  or  sea  cucumbers,  apparently  lived  throughout 
the  Paleozoic,  but  their  remans  are  rarely  well  preserved,  being 


F^G.  1544. — Eckinoeytlit  pomum.  A  Silurian  echinoid,  England.  A,  S, 
restored  individual  lateral  and  sununit  views,  two-thirds  natural  size ;  a,  anal 
aperture;  A,  oral  aperture.     (Froi 


represented  chiefly  by  their  scattered  plates.  In  the  Middle 
Cambrian  strata  of  British  Columbia,  however,  some  wonder- 
fully preserved  forms  have  been  found,  retaining  many  details  of 
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Misaisaiiquaii,  Ireland  (Froi 


'.7j 


Fig.  1546.  —  Middle  Cambriao 
holothurian,  Macktntia  eeslalis.  A 
small  individual  showing  the  mouth. 
Natural  Mze.  Burgess  shale,  British 
Columbia.    (After  Walcott.) 


Fig.  IS47-  —Reconstruction  ol  tbe 
skeleton  of  Patatapondylm  guimi,  a 
primitive  cydostomous  fish.  Head 
from  ventral  side  showing:  c,  cirri; 
pa,  auditory  capsule ;  ip,  nasal  region ; 
X,  post  occipital  appendages.  Lower 
Devonian,  Old  Red  Sandstone,  Caith- 
ness, Scotland.  (After  Traqiiair.) 
Enlarged  about  four  and  a  half  times. 
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the  soft  parts  (Fig.  1546).    Most  of  these  are  allied  to  fonns 
existing  to-day  in  the  deep  oceans. 

Fishes  and  Ostracodeims.  —  The  earliest  Palaeozoic  fish  types 
(ostracoderms)  yet  discovered  occur  in  the  Harding  sandstone 
of  the  Rocky  Mountain  Front  Range  in  Colorado  and  Wyoming. 
This  sandstone  represents  the  St.  Peter  horizon,  being  the  outwash 
from  the  old  western  land-mass  (Rockymontana)  during  the  re- 
treatal  phases  of  the  Lower  Ordovidan  (Beekmantown),  and  as 
such  it  is  primarily  &  continental  formation,  though  partly  reworked 


Fro.  1548.  — RecoiBtnictJon  of  Drepanasfa  gfHHMeiuis, 
ostracoderm  or  primitive  fish- type. 
il,  dora*l  sidei  B,  veDtrml  side ;  asl,  interior  vealro-Uteral  plate;  c,  mediui  dorsal 
plate;  d,  ettcnul  labial  plate ;  m,  head  plate ;  «e,  median  ventral  body  |daU ;  ^,  pos- 
terior lateral  plitea ;  fil,  posterior  ventiD-tateral  plates ;  r.  n>stnim ;  z,  orbital  pUtM, 
Lower  Devonian,  Bundenbach,  ^el,  GemuDy.    (After  Traquaii.)    About  one-louitb 


by  the  readvandng  later  sea.  The  presence  of  the  fish  r 
much  comminuted,  in  this  sandstone  and  their  absence  from  the 
normal  marine  strata  both  above  and  below,  indicates  that  these 
organisms  were  not  living  in  the  sea,  but  in  the  rivers  which  washed 
out  the  sands  over  the  emerging  sea-bottom. 

The  American  Silurian  contains  several  species  of  ostracoderms 
and  true  fishes.  A  few  fragmentary  spines  have  been  found  in 
marine  strata,  whither  they  might  easily  have  been  transported, 
but  the  best  preserved  specimens  are  found  in  sandstones  which 
indicate  at  least  a  shoaling  and  probably  a  considerable  retreat  of 
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the  sea  and  outwash  of  sands  by  rivers.  In  Europe,  too,  fish  occur 
in  the  Upper  Silurian  (Ludlow),  where  in  the  midst  of  terrigenous 
strata  actual  fish-beds  (bone-beds),  practically  composed  of  the 
remains  of  these  organisms,  eurypterids,  etc.,  are  found.  These 
are  interpreted  as  representing  estuaries  into  which. the  fish  from 
the  rivers  entered  and  where,  owing  to  an  advance  of  the  salt  water 
from  the  sea,  they  were  abruptly  killed  in  vast  numbers.    Fish 


Fig.  i54g.  —  Recoastructioo  of  Pleraspis  rostrala,  a  heterostracouB  ostraco- 
denn;  aide  view,  about  one-third  natural  size.  Lowest  Old  Red  Sandstone 
(Passage  beds),  Herefordshire,  England.     (After  Woodward.) 

remains  are  practically  absent  from  the  normal  marine  strata  of 
this  period,  but  are  abundant  in  the  continental  deposits  transitional 
to  the  Old  Red  Sandstone,  and  in  that  formation  as  well,  which  is 
recognized  as  a  typical  continental,  in  large  part  river  flood- 
plain,  formation.  In  the  marine  Devonian  only  the  shagreen 
granules  of  the  ostracoderms  have  been  found,  but  the  entire  armor 
of  individuals  occurs  in  the  Old  Red  Sandstone  (Figs.  1547-1550). 
In  North  America,  too,  the  great  river  deposits  or  alluvial  fans  and 


Fio.  1550.  —  Reconstruction  of  Ctphalaspis  lyrUi,  an  aspidocephalous 
ostracodertn,  about  five-twelfths  natural  size.  Lower  Devonian,  Old  Red 
Sandstone,  Forfarshire,  Scotland.    (After  Stromer.)    (See  Fig.  1344,  p.  435.) 

deltas  of  the  Devonian  contain  wonderfully  preserved  remains  d 
the  ostracoderms,  especially  in  the  Gasp€  sandstone  series,  the 
Catskill,  and  the  continental  Elbert  formation  of  Colorado  (see 
Fig.  1393,  p.  408).  The  ostracoderms  died  out  by  the  end  of 
the  Devonian.  In  America,  at  least,  they  appear  to  have 
been  restricted  to  the  torrential  rivers,  none  occurring  in  the  de- 
posits of  the  rivers  from  the  southern  flat  and  black-soil-covered 
region. 
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In  the  Middle  Devonian  marine  limestones  of  Europe  and 
America  are  found  many  retnaJns  of  fishes,  especially  those  of 
Diplerus  (Fig.  1342,  p.  435),  a  member  of  the  lung-fish  or  dipnoan 
division.  These  remains  are,  however,  only  fragmentary,  con- 
dsting  of  spines,  teeth,  and  other  parts,  while  perfectly  preserved 
complete  individuals  are  found  only 
in  the  river-deposits  (Old  Red  Sand- 
stone). The  same  thing  is  true  of 
the  arthrodire  genus  Coccosteus  (Fig. 
1343)  which  is  plentifully  represented 
by  fragments  and  plates  in  the  marine 
Devonian  limestones,  while  complete 
individuals  are  known  only  from  the 
Old  Red  Sandstone  of  Scotknd.  A 
fairly  complete  series  of  plates  has 
also  been  obtained  from  the  Chemung 
sandstone  of  Pennsylvania,  a  deposit  p,^  ,55,.  — R^^^I^etioD  o( 
formed  at  the  edge  of  the  Catskill  RJdnosieus  iraquairi  (X}),  an 
delta.  From  this  it  might  be  argued  Upper  Devonian  armored  fish 
that  these  fish  sUU  lived  primarily  (*"hrod:re).  Gennany.  (jaAel.) 
in  the  rivers  but  occasionally  entered  the  sea.  On  the  whole, 
however,  the  arthrodires  were  not  common  in  the  rivers  of  Appa- 
lachia,  but  this  group  is  abundantly  represented  in  the  deposits  of 
the  mud-bearing  rivers  from  Mississippia,  in  which  the  remains  of 


Fig.  1551.  —  Aeantkoda  milchtUi,  an  acanthodian  shark,  natural  size.     Lower 
Devonian,  Old  Red  Sandstone,  FarneU,  Scotland.    (After  Egerton.) 

II  genera  are  embedded,  some  of  them  of  gigantic  size  (Dinuh- 
thys.  Fig.  i2q6,  Titanicktkys,  etc.).  One  of  the  small  forms  is 
shown  in  Fig.  1551-  Being  heavily  armored,  they  probably  were 
not  very  active  swimmers,  leading  primarily  a  bottom  existence. 
The  spine-bearing  or  acanthodian  sharks  appeared  first  in  the. 
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Silurian,  but  were  especially  characteristic  of  the  deposits  formed 
by  the  rivers  of  Appalachia  in  Devonian  time,  and  they  continued 
in  the  Mis^ssippian  and  Pennsylvanian.  Sharks  became  very 
abundant  in  the  later  Palieozoic,  some  300  species  b^g  known 
from  Mississippian  strata,  but  before  the  end  of  the  Palaeozoic 
this  number  had  been  greatly  reduced.     The  Devobian  genus 


FlO-  1553-  —  Enkrged  scales  of  AcaiUhoda  pacUis.     a,  Outlkle;    h,  iiimk; 
c,  isolated  scale.    Permun  (KjOthUegeniles).    (From  Zittel.) 

Acantiiodes  {¥i^.  1553, 1553)  still  occurs  in  the  Rothliegendes  of  the 
Permian.  The  crossopterygian  or  fringed-fimied  ganoids  of  North 
America  seem  to  have  been  diieOy  restricted  to  the  depodts  of 
Appalachian  rivers  and  are  common  in  the  Old  Red  Sandstone  of 
Europe  as  well,  the  most  common  and  widespread  form  being 
BmSptyckius  (Fig.  1340,  p.  434).   These  ganoids  reached  their  acme 


j4  — Reconstnictioii  of  Cltmaitta  macmcah,  an  acuitlwdian  ihtA 
from  tht  Devonian,  Old  Red  Sandstone,  Scotland.    (ACter  Woodwud.) 

of  development  in  the  Devonian  and  are  remarkable  for  their  Umb- 
Uke  fins,  their  conical,  generally  fluted  teeth,  and  their  covering 
of  rhomboidal  or  rounded  scales.  These  fish  have  been  thought 
to  be  in  the  line  of  ancestry  of  the  amphibians,  but  the  characters 
which  are  suggesUve  of  amphibian  affinities  may  be  due  to  parallel 
development  rather  than  relationship.    The  actinopterygians,  or 
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true  ganoids,  appear  to  have  existed  in  Devonian  time  in  the 
torrential  rivers  of  Appalachia  and  Atlantica,  and  in  the  muddy 
rivers  of  Mis^ssippia  and  other  regions  as  well,  but  they  were 
generally  different  generic  types.  This 
order  is  most  characteristic  of  the  Penn- 
sylvanian  deposits,  and  the  two  common 
fish  of  the  Kupferschiefer  at  the  base 
of  the  Zechstein  of  northern  Europe 
{Palaoniscus  and  PUUysomus,  Figs.  1439, 
1430,  pp.  512,  513)  belong  to  this  order. 
They  were  again  enormously  abundant  in 
the  muddy  depodts  of  Triassic  rivers  and 
equally  so  in  the  Jurassic,  and  are  repre- 
sented in  the  modem  fauna  (Gar-pike). 

Altogether,  the  Palseozoic  waters  were 
rich  in  fish  of  varied  and  often  archaic 
types,  many  of  which  disappeared  toward 
the  end  of  the  Palieozoic,  though  a  few^ 
such  as  the  typical  ganoids  and  the 
sharks,  continued  to  flourish  in  the  Mes- 
ozoic.  No  true  bony  fishes  (Teleostei) 
existed,  however.  These  appear  first  in 
the  Mesozoic  and  have  become  the  dom- 
inant fish  type  to-day. 

Amphibians.  —  Probably  the  greatest 
event  in  the  history  of  Palaeozoic  life 
was  the  appearance  of  land  vertebrates. 

There  b  abundant  reason  for  believing    tion  of  the  ventral  side  of 
that  the  earUest  land  vertebrates,   the    Cladosdacht  fykn,  a  pleu 


ISS5-  — Reconstruc- 


habited  the  Devonian  rivers  and  which  ,,    ,.,,     , 

,    .                                    1.11  "■  Mindible;  b,  eye»;  e,  ^ 

in  their  own  structure  had  already  ap-  uchca;  d,  pectoral  fins  with 

proached  somewhat  that  of  the  higher  km*.  »rti™i.tedari!.5; /.pd- 

vertebrates.    This  is  espeaally  true  of  »rtiiulated    uds    *.    Upper 

the  crossopterygian  ganoids  in  which,  as    5f^°"'^. /'^'i"l?^.  ''^"*- 

.      .  ,\        Ohio.    (Alter  JaekeL) 

we  have  seen,  the  homy  stmcture  of  the 

fins  approaches  more  nearly  to  that  of  the  vertebrate  limb  than 
is  the  case  in  any  other  fish  type.  The  modem  crossopterygian, 
Pdypterus  (Fig.  969),  which  lives  in  the  rivers  of  Africa,  often 
renMum  motionless  for  a  long  time  on  the  bottom  of  the  river, 
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the  anterior  part  of  the  body  resting  upon  the  tips  of  the  pectoral 
fins.  Its  air  bladder  is  an  accessory  respiratory  organ,  supple- 
menting the  gills,  and  this  fish  is  able  to  Kve  out  of  water  for  three 
or  four  hours  at  a  time,  when  covered  with  damp  grass  or  weeds. 
In  the  Upper  Devonian  deports  occurs  a  crossopterygian  ganoid 
{Sauripterus  taylon),  the  forward  or  p>ectoral  fins  of  which 
have  a  structure  approaching  more  nearly  to  that  of  the 
primitive  limb-structure  of  land  vertebrates  than  is  the  case  in  any 
other  type.  Indeed  many  of  the  bones  of  the  leg  of  the  amphibia  are 
represented  in  the  fin  of  this  fish,  though  additional  ones  exist  in 
the  fins,  which  disappear  in  the  transformation  into  the  limb,  while 
at  the  same  time  others  develop.  But  the  modification  is  such  as 
could  readily  be  conceived,  withoiit  undue  stretch  of  the  ii 
tion,  as  capable  of  accomplishment. 


Fio.  1556. — ReconatructioD  of  Citirelepis  traiUi,  a  heteroceical  ganoid 
(about  one-fourth  natural  size).  Lower  Old  Red  Sandstone,  Middle  Devonian, 
Scotland.    {From  Jaekel.) 

The  oldest  known  amphibian  foot-print  has  been  obtained  from 
the  Upper  Devonian  Chemimg  rocks  of  Peimsylvania.  This 
foot-print  of  an  unknown  animal,  called  TMnopus  antiquus  (Fig. 
1345).  is  very  primitive,  having  only  two  fully  developed  fingers 
together  with  the  rudiment  of  the  third  and  the  suggestion  of  the 
fourth  digit.  This  budding  of  the  later  digits  from  the  outside 
of  the  second  one  is  characteristic  of  the  development  of  the  foot 
of  the  modern  salamander,  and  it  thus  appears  that  in  Thinopus 
we  have  a  primitive  toot  stage  which  antedated  the  development 
of  the  five-toed  foot  so  characteristic  of  typical  land  animals. 

Foot-prints  of  amphibians  also  occur  in  the  Lower  Mississippian 
continental  beds  of  Nova  Scotia,  and  in  the  Mauch  Chunk  beds  of 
Pennsylvania  and  Virginia.  These  foot-prints  indicate  that  the 
full  number  of  five  toes  had  been  developed  at  that  time. 

In  the  Mississippian  (Lower  Carboniferous)  of  Scotland  (Edin- 
burgh Coal-measures) ,  there  have  been  found  the  earliest  skeletal 
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remains  of  amphibians  so  far  obtained.  They  represent  already 
fully  developed  amphibians,  and  are  therefore  well  along  the  line 
of  evolution  of  the  class.  Higher  rocks  agam  contain  foot-prints. 
In  general,  foot-prints  alone  occur  in  the  red  rocks  which  indicate 
relatively  dry  climate  under  which  bones  would  soon  disintegrate. 
In  the  deposits  of  a  more  pluvial  climate,  on  the  other  hand,  the 
bones  became  buried  and  were  preserved. 

Amphibia  lay  their  eggs  in  water  and 
the  young  lead  for  a  while  a  fish-like  ex- 
istence, breathing  by  means  of  gills  and 
swimming  by  the  aid  of  a  well-developed 
tail.  This  is  familiar  to  us  in  the  devel- 
opmental history  of  the  frog,  which  in  .^ 
the  young  or  tadpole  stage  is  as  truly  an  ^^ 
aquatic  gill-breathing' animal  as  any  fish 
(Fig.  973,  p.  J70).  In  the  second  season 
of  its  existence,  when  legs  have  begun  to 
appear,  the  animal  comes  to  the  surface 
to  breathe  air  and  finally,  losing  its  gills 
and  tail,  it  lives  permanently  on  land.  It 
then  breathes  air  into  its  lungs  through 
the  mouth,  and  returns  to  the  water  only 
to  lay  its  eggs  and  to  hibernate,  but  never 
again  to  breathe  like  a  fish. 

It  is  easy  to  see  that  an  increase  in  the 
aridity  of  the  climate,  with  accompanying 
long  seasons  of  drought  when  waters 
would  dry  away  and  vegetation  perish, 
would  result  in  placing  a  premium  on  the 
ability  to  assume  an  air-breathing  habitat,    pUti 

and  it  is  this  climatic  change,  more  than    P^.^.:  «;"^'   ^^^.^"^'^ 

°  '  ID  this  lUge,  omitted.) 

any  other  cause,  that  probably  brought 

about  the  development  of  the  amphibian  from  the  fish  type.  The 
necessity  of  better  adaptation  for  locomotion  upon  the  dry  land, 
once  this  mode  of  life  had  been  assumed,  would  tend  toward  the 
modification  of  the  swimming  fin  into  the  ambulatory  limb.  Now 
just  such  climatic  changes  were  going  on  in  late  Devonian  and  in 
Mississippian  time,  and  it  was  the  stress  of  these  increasingly  ad- 
verse conditions  of  existence,  which,  though  it  sounded  the  death- 
knell  of  thousands  that  could  not  adapt  themselves  to  the  change. 


Fic.  1557. — tarval  form 
of  BratKhiofoiirut  amblyilo- 
tmu  from  the  Rothlkgendes 
near  Dresden,  natural  siie. 


«,  Concold;  /,  fcmor;  fi, 
GbuU :  k,  huinenu ;  r,  ndiui ; 
I,  scapula ;  ir.  sacral  rit>s ; 
I.  tibia;  IM.  I,  Utenl  thondc 
ledian  tlioracic 
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forced  those  few,  vhich  were  possessed  of  innate  tendencies  to 
modification,  to  rise  to  higher  levels  of  existence.  They  thus  be- 
came the  progenitors  of  those  vast  races  of  air-breathing  organisms 
which  were  destined  to  dominate  the  world  in  future  ages,  and  from 


Flo.  1558.  —  A  Permo-Caibonic  Megocephalian  of  the  suborder  Sauro- 
dtot;^  (RicKodaa  copii),  Bohemia,  Restored,  three-fifths  natuikl  uze. 
(After  Fritsch,  from  Steinmaim.) 

which  at  last,  still  under  duress  of  prodding  climatic  and  other 
physical  conditions,  arose  the  human  type,  the  crowning  achieve- 
ment of  the  play  of  natural  forces  on  the  plastic  living  world. 

The  Palseozoic  amphibia  varied  greatly  in  fonn  and  size,  —  some 
were  snake-like,  others  resembled  modem  salamanders,  and  still 


Fig.  1559.  —  Restoration  of  one  of  the  oldest,  most  primitive  reptiles  {Paraa- 
taurta  sartdms)  from  the  Middle  Permian  Karoo  formation  of  South  Africa. 
(After  Broom.) 

The  skeleton  is  from  «ftht  to  nine  feet  Ions  and  stands  about  Ihtce  and  one-half  feet 
high.    This  form  is  inteceating  because  it  shows  certain  mammalian  chaiactcrislks. 


others  had  a  crocodile-like  form  with  large,  often  grotesque,  heads. 
In  length  they  ranged  from  less  than  an  inch  to  about  eight  feet. 
Generally  two  pairs  of  limbs  were  present,  with  four  toes  on  the 
fore  and  five  on  the  hind  limbs,  and  a  well-developed  tail.  The 
upper  part  of  the  head  and  the  anterior  part  of  the  body  of  many 
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forms  were  covered  with  thiols,  often  highly  sculptured  bony 
plates,  on  which  account  these  animals  are  classed  together  as, 
Slegocephalia,  or  animals  with  an  armored  or  mailed  bead.  OtbeFs, 
however,  had  their  entire  body  covered  with  small  overlapping 
scales,  while  in  still  .others  these  were  confined  to  the  ventral  or 
under  side  of  the  body.  In  this  respect  they  differed  markedly  from 
modem  amphibians  which,  with  rare  exception,  have  naked  skins. 


WiPSp; 


Fig,  isfe-  — The  skeleton  of  the  Gn-back  reptile  (Dimetrodon  ftjoi).  {Alter 
Gilmore.) 
Tbii  ■nimal  wu  probably  the  dominBiit  type  in  the  American  Penniaa,  reachinc  ■ 
kogtb  of  from  sir  to  seven  (eet  and  a  height  of  about  five  feet.  It  crawled  along  the 
ground  much  as  modem  reptiles  do,  and  in  all  likelihood  lived  along  the  botden  of 
pools  and  swamps,  feeding  upon  the  smaller  reptiles  and  amphibians  of  the  time.  The 
stiilung  qnnes  which  lonned  a  cre«t  along  the  bact  were  elongations  of  the  vertebrc 
and  wen  apparently  of  little  use  to  the  animfl,  being  rather  a  hindrance  to  liMxniKitioa. 
(Specimen  mounted  in  U,  S.  Natioiul  Museum.) 

The  stegocephalians  were  characteristic  of  the  lands  of  late 
PalEeozoic  time  and  continued  through  the  Triassic,  after  which 
they  disappeared.  Even  in  the  Palxozoic,  however,  some  of  their 
species  had  given  rise  to  the  class  of  reptiles  which  is  represented 
at  first  by  forms  so  nearly  allied  to  the  stegocephalian  that  it  is 
often  difficult  to  determine  in  which  class  they  should  be  placed. 

The  tooth  structure,  too,  of  one  of  the  groups  of  Palieozoic 
amphibians  was  highly  involved,  the  dentine  of  the  large  conical 
teeth  being  infolded  in  a  most  complicated  labyrinthme  fashion. 


6cx> 
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on  which  account  the  name  Labyrinthodonts  has  been  applied  to 
them  (p'soi)' 

Some  of  the  more  characteristic  types  of  late  Palaeozoic  am- 
phibians are  illustrated  in  the  figures  (Figs.  1557,  i^sS,  and  1565). 

Reptiles.  —  Before  the  dose  of  the  Paleozoic  the  class  of  reptiles 
also  had  made  its  appearance.  These  animals  differ  from 
amphibians  in  the  absence  of  the  gill-breathing  larval  stage,  the 
direct  air-breathing  young,  and  in  the  egg,  which  is  laid  on  land 
instead  of  in  the  water  and  is  provided  with  a  porous  shell  beneath 
which  is  a  sac-like  membrane,  the  allantois,  plentifidly  supplied 


Fio.  1 561. 


with  blood  vessels  from  the  embryo.  The  oxygen  of  the  air  enters 
through  the  shell  and  passes  by  osmosis  through  the  membrane  of 
the  allantois  and  oxygenates  the  blood,  while  at  the  same  time 
carbonic  acid  is  given  off  and  passes  outward.  Such  an  inter- 
change of  gases  is  best  carried  on  in  a  dry  climate,  and  it  is  pos»ble 
that  were  the  egg  submerged  in  water  the  embryo  would  drown. 
Thus  reptiles  can  develop  in  regions  devoid  of  water,  and  indeed 
many  modem  forms  Uve  in  deserts.  This  leads  to  the  supposition 
that  it  was  the  increasing  aridity  of  the  climate  which  influenced 
the  full  development  of  these  characters  by  preserving  those  forms 
in  which  a  tendency  in  this  direction  had  appeared.  Or  again 
it  may  be  that  those  forms  whose  eggs  had  become  modified  so 
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1 .  — '  The  skeleton  of  a  Permian  fin-back  reptile,  Naosaurus,  a  con- 
temporary of  Dimetrodon,  having,  however,  more  ornate  spines  with  cross-ban 
developed  at  frequent  intervals  along  each  spbe.  From  the  Permian  of  Texas. 
(Courtesy  of  the  American  Museum  of  Natural  History.) 

that  they  finally  could  develop  out  of  water  were  enabled  to  wander 
away  from  the  well-watered  lowland,  the  regions  to  which  the 
amphibians  were  confined,  and  penetrate  the  arid  upland  dis- 


FiG.   1563-  —  Restoration  of  the  Permian  fin-back   reiitili 
foreground)  and   Dimelrodon  (in  background).     (Courtesy  of  thi 
Museum  of  Natural  History.) 


tricts  where  under  stress  of  adverse  conditions  they  became  rapidly 
more  and  more  modified. 

Reptiles  are  already  represented  in  the  Pennsylvanian  by  highly 
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specialized  types,  so  that  it  appears  that  this  class  probably  an»e 
in  Mississippian  time.  These  reptiles  still  bore  many  points  of 
resemblance  to  their  amphibian  ancestors,  but  there  was  in  general 
a  tendeuQ'  toward  reduction  in  the  size  of  the  skull  and  loss  oi 


Fig.  1564  a.^Skull  of  a  Peraio- 
Triassic  thereidoDt  reptile  (Galetowus 
pUtnicepi)  from  South  Africa;  lateral 

■  V,~    _   »...!.  .  (—^^.i  k-™.         ^"^  13646-  —  Skull  of  a  Penno- 

dr  Eye ;  "f  naiaJ ;  s,  temporal  bone ;  ~  >      ■     «       .  ■  .*    ,  * 

Alrontal;  /a,  pnefrontal;  .m.  ioieniuH-  Tnassicthereidont  reptfle  (Z.yeoia«ri<i 

maiy;  j.ioffil;  mi,  maiilUry;  i^iuul:  camfiioti)  from  South  Afiica;  lateral 

p.  parietal;   c,  caaina;   J,  iDciiorsi   m,  view.oDe-fourth  natural  sue;  9,qaad- 

niolan.     (After  Strimnaiu.)  rate  bone.     (Alter  Stmnuum.) 

the  body  armor.    The  feet  terminated  in  five  fingers  and  toes. 

The  later  Palaeozoic  reptiles  are  generally  divided  into  three  groups 

as  follows : 

I.  Cotylosaurs. — These  were  the  most  primitive  of  the  class 

and  retained  many  ancestral  stegocephalian  characters,  such  as 
the  covering  of  the  skull  by  sculptured  plates, 
the'  large  median  or  pineal  eye,  so  character- 
istic of  the  stegocephalians,  the  occasional 
presence  of  body  armor,  etc.  Though  mostly 
small,  at  least  one  form  (African)  reached  a 
length  of  over  9  feet.  They  were  slow 
crawlers  but  apparently  good  swimmers,  and 
their  habits  of  feeding  were  for  the  most  part 
carnivorous.  They  are  known  to  range  from 
late  Pennsylvanian  through  Triassic  time. 
One  of  the  Palasozoic  types  is  shown  in  Fig. 
"559- 
2.   PelycosauTs. — These  represented  a  more 

l^dont'^tluTrrli^    specialized  and  active  type  of  Paleozoic  rep- 

lodon  longtnus),  Karoo     tiles.     They  were  carnivorous  land  animals, 
more  or  less  lizard-like  in  form,  some  attain- 
Among  them  some 

tize.  (FromStdnmaii.)    peculiar  modifications  had  arisen  which  in- 
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(Ucate  that  specialization  in  many  of  these  forms  had  aheady 
gone  to  extremes.  Such  was  the  case  in  the  pecuhar  &a-back 
lizards  (Dimetrodtm  and  Naosaunts,  Figs.  1560-1563),  in  which  a 
series  of  spines  arose  from  the  backbone,  which  probably  supported 
a  membranous  Skin  to  fonn  a  high  fin  extending  from  the  head 
to  the  base  of  the  tall.  The  pelycosaurs  were  most  charac- 
teristic of  North  America,  though  they  had  representatives  in 
Europe  as  well,  appearing  in  Upper  Pennsylvanian  time.  They, 
too,  ranged  through  the  Triassic. 

3,  ThereodotUs.  —  This  was  a  group  of  South  African  reptiles 
existing  in  Permian  and  Triassic  time  (Karoo  formation).  They 
were  remarkable  in  that  their  teeth,  instead  of  being  essentially 
of  uniform  character  throughout,  as  in  typical  reptiles,  were  dif- 
ferentiated into  indsors,  canines,  and  molars,  as  in  manmials.  It 
is  thought  that  this  group  may  have  given  rise  to  the  primitive 
manunal.  The  skulls  of  several  of  these  animals  are  iUustrated 
in  Figs.  1564  a-c. 


Fig.  1565.  —  Reitonttioil  of  a  late  Carbonic  or  early  Pernuvi  Undscape  m 
the  Texas  r^ion.  TIm  swampy  borders  of  a  sluggish  cie«k  are  shown  with  the 
giant  CalamiUs  rising  up  from  the  water  on  the  right,  while  on  the  land,  in  the 
background,  are  the  branching  kpidodendrons  and  the  unbranched  sipUorias. 
Over  the  water  skims  a  dragon-fiy,  with  a  wing-spread  of  nearly  two  feet;  in 
the  creek  a  a  theromorph  reptile  ILimnoscdis),  while  on  the  land  are  two  of 
the  ancient  st^ocephalian  amphibians  {Eryops)  which  attained  a  length  of 
about  seven  feet.    (After  Williston.) 


CHAPTER  XLI 

THE  TRIASSIC,  FIRST  OF  THE  MESOZOIC  SYSTEMS 

The  formations  now  grouped  together  under  the  Mesozoic 
division  were  among  the  first  of  the  stratified  rocks  with  which 
geologists  became  familiar.  In  the  Saxon-Bohemian  mountains, 
which  early  became  the  object  of  geological  study  because  of  their 
important  minerals  and  ores,  these  formations  rest  >  directly  upon 
the  crystalline  rocks,  the  Primitive  or  primary  division  of  the  older 
geologists  (see  p.  6).  On  this  account  they  were  called  Secondary 
rocks,  and  because  of  their  usual  horizontal  position  they  were 
designated  Flotz-gebtrge  or  Flotz-formations  by  the  miners.  The 
name  Mesozoic  was  given  to  this  series  *of  formations  in  com- 
paratively recent  times,  because  the  organic  remains  which  they 
contain  were  recognized  as  representing  the  medieval  period  in  the 
development  of  life  upon  the  earth. 

These  Mesozoic  rocks  were  first  studied  in  greatest  detail  in 
England,  where  they  form  for  the  most  part  a  series  of  alternating 
hard  and  soft  strata  of  nearly  horizontal  position,  except  in  a  few 
localities  where  they  have  been  folded.  They  begin  with  the 
great  New  Red  Sandstone,  which  lies  as  a  rule  upon  disturbed 
older  beds,  and  end  with  the  Chalk.  Between  these  lie  the  oolitic 
limestones  or  Oolites,  and  these  and  the  Chalk  form  the  two  promi- 
nent ridges  or  cuesta-fronts  which  extend  across  central  England, 
while  the  valley  between  them  is  formed  by  the  softer  green-sands 
and  clays  (Gault).  A  clayey  or  shaly  series  (the  Lias)  also  lies 
below  the  Oolites,  and  out  of  this  and  the  New  Red  Sandstone, 
the  large  valley  or  inner  lowland,  west  of  the  Oolite  cuesta,  is 
carved  (see  Fig.  739,  p.  10).  The  general  relationship  of  these 
strata  is  shown  in  the  following  section  across  centl^l  England 
(Fig.  1566). 

Such  an  arrangement  naturally  led  to  a  threefold  division  of  the 

Mesozoic  rocks,  the  Chalk  with  the  green-sands  and  clays  below  it 

604 
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being  classed  as  the  Cretaceous  series  (from  creta — chalk).  It  nat- 
urally fell  into  an  Upper  (chalk)  and  Lower  Cretaceous  (green-sand, 
Gault,  etc.,  see  further  Chapter  XLIII),  a  division  borne  out 
more  or  less  fully  by  the  organisms  present  in  these  strata.  The 
Oolites  were  found  to  have  a  wide  distribution  over  western  Europe, 
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Fig.  1566.  —  Diagrammatic  section  across  England  from  Gloucester  on  the 
west  to  Swindon  on  the  east,  showing  th^  succession  of  Mesozoic  formations. 
a,  Triassic;  b-g,  Jurassic  (ft,  Lias;  c,  Lower  Odlites;  rf,  Oxford  Clay;  e,  Co- 
ralliivn;  /,  Kimmeridge  Clay;  g,  Portland  and  Purbeck  beds);  A,  Cretaceous 
(Chalk).    (From  Lake  and  Rastall,  Text^book  of  Geology.) 

forming  important  limestones*  in  the  Jura  Mountains,  on  which 
account  the  system  which  they  represent  was  named  the  Jurassic 
system. 

The  lowest  member  of  the  Mesozoic  trinity  became  the  Triassic 
system  (see  below)  and  thus  the  subdivision  of  the  old  Secondary 
rocks,  or  the  Mesozoic  series,  became  the  following : 

^  j  Upper  Cretaceous  or  Cretaceous  proper =Cpetacic 

\  Lower  Cretaceous  or  Comanchean=Comanchic 
2.  Jurassic  * 

I.    Triassic 

The  lowest  of  these,  the  Triassic,  will  be  considered  in  this 
chapter. 

Origin  of  the  Name  Triassic 

As  we  have  seen,  the  system  now  called  Triassic  is  essentially 
a  unit  of  red  sandstone,  shales,  and  conglomerates  in  England, 
where  it  is  known  as  the  New  Red  Sandstone,  though  in  this  group 
were  originally  included  some  sandstones  of  similar  character  now 
known  to  belong  to  the  Permian.  In  northern  (iermany,  on  the 
other  hand,  the  basal  Secondary  or  Flotz-gebirge  was  known  even  in 
the  days  of  Lehmann,  FUchsel,  and  Werner  (p.  25,  Pt.  I),  i.e.,  in  the 
later  part  of  the  eighteenth  century,  as  including  two  sharply 
separable  and  important  basal  members  which  had  been  designated 
the  Bunter  Sandstein  and  the  Muschelkalky  respectively.  Later,  in 
the  early  part  of  the  nineteenth  century  (1820),  the  clays  and  sands 
overlying  the  Muschelkalk  proper  were  separated  by  Leopold  von 
Buch  and  others  under  the  name  Keuper,  derived  from  the  Coburg 
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region,  and  in  1834  the  Swabian  geologist  von  Albert!  combined 
these  three  formations  under  the  name  Trias ,  in  contradistinction  to 
the  underlying  Dyas,  the  twofold  series  now  called  Permisin.  Thus 
graduaUy  the  name  Triassic  came  into  use  for  this  oldest  of  the 
Mesozoic  systems. 

The  threefold  division  found  in  Germany  is,  however,  not 
characteristic  of  other  parts  of  the  earth,  where  the  system  is 
largely  represented  by  limestones  as  is  the  case  in  the  Alps  and  in 
the  Mediterranean  region  generally.  Here  the  facts  call  for  a 
division  into  six  groups,  one  of  \vhich  is  generally  considered  as 
representing  the  Bunter,  two,  the  Muschelkalk,  and  three,  the 
Keuper.  This  is  the  normal  marine  fades,  and  it  has  become 
the  standard  of  comparison  for  other  parts  of  the  world. 

In  North  America  the  red  sandstones  and  basaltic  flows  and 
intrusives  found  in  the  Connecticut  Valley,  in  the  Palisade  region 
on  the  Hudson,  and  elsewhere,  were  early  recognized  as  younger 
than  the  Palaeozoic  rocks,  and  referred  either  to  the  Triassic  or  to 
the  Jura-Trias.  They  are  now  known  to  represent  only  the  Keuper 
division  of  the  Germanic  Trias.  In  the  western  United  States  similar 
red  sandstones  are  widespread,  especially  in  the  Rocky  Mountains, 
and  these  have  generally  been  designated  by  the  term  red  beds^ 
and  referred  to  the  Triassic  or  to  the  combined  Jura-Trias.  It  is 
now  known  that  many  of  these  red  beds  belong  to  the  late  Paleozoic 
(Permian  or  even  Pennsylvanian),  though  the  higher  niembers  of 
the  red  bed  series  represent  the  Triassic. 

Marine  Triassic  strata  of  the  Alpine  type  are  well  developed  in 
western  North  America,  and  their  character  and  fossil  contents  have 
gradually  been  made  known,  especially  by  the  labors  of  Martin 
and  others  in  Alaska,  of  Hyatt,  Diller,  and  especially  of  J.  P.  Smith 
in  California,  Nevada,  and  other  western  states,  and  of  Carlos 
Burckhardt  and  others  in  Mexico. 

Relation  op  the  Triassic  to  the  Older  Rocks 

The  rocks  of  the  Triassic  system,  the  first  of  the  Mesozoic,  are 
separated  from  those  of  the  Palaeozoic  in  practically  all  parts  of 
the  earth  by  a  hiatus  or  break  in  sedimentation,  though  this  break 
is  not  very  apparent  in  those  regions  where  both  the  last  of  the 
Palaeozoic  and  the  first  of  the  Mesozoic  are  continental  beds,  as 
in  the  Karoo  formation  of  Africa.  It  has  been  assumed  that  in 
at  least  one  locality  in  India  the  succession  from  the  Palaeozoic  to 
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Fio.  1567.  —  aiff  of  Shal-Shal.  near  Kimlciji  Paiar,  Himalaya  Mts.  (After 
C,  Dienet.)  Altitude  between  4700  and  5700  meters,  i,  Older  Palxoiaic; 
7,  Carbonic  qiMrtdtes;  3,  beds  with  Producius  and  Lower  Tiiassic  fossils 
(OlfWcrasuKMrftDonJi, Fig.  156S);  4-10,  Triassic  t)eds  (4,  VirRlorien;  s.Daondia 
beds;  6,  BauerUei  beds;  7,  Malorilei  beds;  S.  beds  with  Spiri/erina  grietbacU; 
9,  SagetiiUi  beds;   10,  m&ssive  limestones  (Rh«tic)). 


the  Mesozoic  U  complete,  the  earliest  marine  deposits  of  the 

Triassic  following  immediately  above  the  last  marine  beds  of  the 

Permian.     In    the   Himalayas 

(Fig.  1567),  beds  with  Producius 

and     Lower     Triassic     fos^ 

(Otoceras  woodwardi,  Fig.  1568) 

form   apparently    a   transition 

series   from   the   Palseozoic  to 

the  Mesozoic.     More  recently, 

however,  doubt  has  been  cast 

on    the    completeness    of    the 

Palfeozoic  series  in  that  region, 

and  it  appears  that  even  there        f^o- 1568;— Ofc^erw  « 

,  .  .   .  ■  .     •  euly  Triassic  ammonoid  with  ceratitic 

a  pronounced  hiatus  ensts  be-    „,^  ^  ,^,,^.  e.^n^A^; 


tween    the    Permian   and    the 
Triassic. 

Interpreted  in  terms  of  paljeo- 


[d,  outer  lobe;  sh,  sit,  fi^^t 
and  second  lateral  lobe;  a,  outer 
saddle;  mi.  median  saddle;  ii[,iii,  first 
and   second  lateral  saddles).      Lower 


geography,    this    implies    that     Triassic,  Shal-Shal  CM,  in  the  Hima- 
the    oceanic    waters    retreated     layas.    (From  Steinmann.) 
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from  the  continents  at  the  close  of  Palaeozoic  time  and  did  not 
return  until  some  time  later,  when  a  new  marine  fauna  had 
developed.  It  is  probable,  however,  that  in  regions  of  con- 
tinental sedimentation  the  interruption  was  not  a  pronounced 
one,  and  so  we  find,  in  some  sections  at  least,  such  as  those 
of  South  Africa  already  referred  to,  a  more  or  less  continuous 
series  of  ancient  land  animals  of  the  late  Palaeozoic  and  the  early 
Triassic  period  preserved  in  successive  beds  of  what  appears  to  be 
practically  a  uniform  series.  In  general  it  may  be  said  that  the  change 
in  physical  conditions  and  in  ar^  of  deposition  was  more  marked 
in  North  America,  where  the  Palaeozoic  closed  with  the  pronounced 
Appalachian  and  other  disturbances,  than  it  was  in  Europe,  where 
the  areas  of  deposition  during  early  Mesozoic  time  remained 
essentially  the  same  as  those  which  received  the  late  Palaeozoic 
deposits. 

Classification  of  the  Triassic 

The  name  Triassic,  as  aheady  noted  (p.  605),  is  derived  from 
the  threefold  division  of  the  system  in  North  Germany  where  the 
deposits  were  first  studied  in  detail.  Here  we  meet  with  a  marine 
intercalated  between  two  continental  series,  though  the  upper 
one  again  becomes  in  part  marine.  TMs  threefold  division  is  as 
f oUows : 

Upper  Triassic  or  Keuper  with  Rhalic  at  the  top  (Keupeiian) 
Middle  Triassic  or  Muschdkalk  (marine)  (Franconian) 
Lower  Triassic  or  ButUcr  Sandstein  (Vosgian) 

A  more  complex  series  of  deposits  occurs  in  the  Alps  and  in  the 
Mediterranean  basin  generally,  where  the  following  subdivisions 
are  recognized  which  serve  as  a  standard  of  comparison  for  the 
marine  phase  of  the  Triassic  of  other  parts  of  the  earth : 

rRhaetic 
Upper  Triassic  \  Noric 

I  Kamic 
Middle  Triassic  I  l^dimc 

\  Anisic 
Ijfwer  Triassic     Skytic 

Though  these  divisions  are  important  in  detailed  work,  it  will 
be  sufficient  for  our  purposes  to  use  merely  the  threefold  division 
into  Lower,  Middle,  and  Upper  Triassic. 
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The  Triassic  System  in  North  America 

The  Eastern  Region.  —  We  have  seen  that  as  the  result  of  the 
folding  of  the  strata  of  the  Appalachian  geosyndine,.a  new  geo- 
syncline  came  into  existence  to  the  east  of  the  resulting  mountains 


Fig.  1569.  — Map  showing  the  outcrops  of  Triassic  rocks  and  of  undivided 
Triassic  and  Jurassic  rocks  in  North  America.     (After  Bailey  Willis.) 

and  upon  the  oldland  of  Appalachia.  The  full  size  of  this  geo- 
syncline  is  undetermined,  nor  is  it  known  to  what  extent  it  was  sep- 
arated from  the  Atlantic  Ocean  on  the  east.  It  may  be  that  this 
ocean  had  access  to  the  deeper  part  of  the  geosyncline,  but  if  so 
this  portion  is  now  buried  beneath  younger  coastal  plain  strata. 

We  know  at  present  of  no  Lower  or  Middle  Triassic  in  eastern 
North  America,  but  beds  of  Upper  Triassic  age  (Newark  System) 
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arc  found  at  intervals  from  Nova  Scolia  to  South  Carolina  (Fig. 
1569)-  They  are  entirely  of  continental  origin,  consisting  of  sand- 
stones and  shales,  usually  of  a  red  color,  of  arkoses,  and,  locally, 
of  conglomerates.    The  beds,  which  have  a  mnximiiin  thiclfintM 


Fro.  15JO. —Catoplerus  redfiddi  from  the  black  abalea  m  the  Trlas^  sand- 
stone of  the  Connecticut  Valley  and  New  Jersey.     (After  Newtxrry.)    . 

of  14,000  to  18,000  feet  (including  igneousinembers),abound  in  mud- 
cracks  (Fig.  758,  p.  40),  rill-marks,  clay-gaUs,  raindrop  impressions, 
the  tracks  of  vertebrates  (reptiles),  and  other  evidence  of  river  fiood- 
plain  and  playa-lake  deposition,  wliile  the  more  massive  sandstones 
frequently  show  cross- bedding,  either  of  torrential  or  of  eoUan  type. 
In  some  sections  the  deposit  is  a  heterogeneous  mixture  of  ill- 
assorted  boulders  and  sand,  such  as  is  known  to  form  at  the  de- 
bouchure of  heavily  laden  torrential  streams  along  the  margins  of 


71.  —  UckyptfTus  mkrapierus  from  the  black  shale  in   the  Triassic 
sandstones  of  the  Connecticut  Valley.     {After  Newberry.) 

desert  basins.  In  the  Connecticut  Valley  and  in  New  Jersey  and 
southward,  these  formations  include  beds  of  black  shale  in  which 
the  bodies  of  fish  (ganoids)  are  wonderfully  well  preserved  (Figs. 
1570.  1571)-  These  fish  beds  occur  in  at  least  two  distinct 
horizons.  In  the  southern  areas  (Virginia,  North  Carolina)  beds 
of  coal  of  considerable  economic  importance  are  included  in  this 
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series  of  depodts,  while  associated  with  the  coal  and  also  occurring 
apart  from  it  are  the  remains  of  plants  indicative  of  Rhxtic  age: 
Thick  beds  of  black  shale,  abounding  in  the  sheUs  of  the  little 
crustacean  Estkeria  (Fig.  1607),  also  occur. 


Fig.  1571.  —  Generalized  cross-section  from  the  Palisade  region  of  New 
Jersey  to  the  -Connecticut  VaUey  at  New  Hav^,  showing  the  com[Jementary 
arrangement  of  the  strata  and  lava  sheets,  suggesting  that  they  may  have  been 
part  of  the  same  series  arched  and  separated  by  erosion.  The  diagram  is  fore- 
shortened and  simplified.  (For  detail  of  Connecticut  Valley  region  see  Fig. 
1580.)  AT,  Anterior  trap  (lava)  sheet,  MT,  Main  trap  (lava)  sheet.  The 
West  Rock  trap  is  intruded,  that  of  the  Palisades  trap  is  intruded,  and  that  of 
the  WatchuDg  Mountains  represents  flows,    ^r,  fault.    (Original.) 


Igneous  rocks,  chiefly  basalts,  are  very  characteristic  of  these 
deposits  in  all  the  northern  areas,  occurring  both  as  contempora- 
neous surface  flows  and  as  intruded  sills,  and  more  rarely  as  dikes. 
Imposing  examples  of  the  lava  flows  are  found  in  the  great  basaltic 
masses  which  form  the  cliffs  on  the  Bay  of  Pundy  Coast  of  Nova 


Fic  573  The  New  England  region  during  the  late  PaUeozoic  The 
surface  was  mountamous  the  Polieozoic  strata  and  irystall  nes  havmg  been 
folded  dunng  the  Taconic  and  Appalachian  disturbances      (BarreU ) 


'  Scotia  and  terminate  on  the  north  in  Capes  Blomidon  and  Split, 
and  the  magnificent  cliffs  of  Cape  d'Or  (Figs,  449,  p.  533  and 
484,  p-  S77>  Ft.  I).  Another  splendid  example  is  the  great 
Holyoke  diabase  of  the  Connecticut  Valley,  a  sheet  400  feet  thick 
and  2  or  3  miles  in  width.     Others  are  found  in  the  Watchung 
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Mountains  of  New  Jersey  and  in  Pennsylvania.    Beds  of  volcanic 
tuff  and  agglomerate  are  widespread. 

A  typical  example  of  an  intruded  sill  fonned  during  this  period 
of  volcanidty  is  seen  in  the  thick  trap  or  diabase  sheet  whidi  forms 


Fto  1574  —  PeneplanatioD  occuired  dunitg  tb«  Lower  and  l£ddle  T 
The  begmmiig  of  Neo-Tnass  c  tune  marked  renewed  sedimeDtation  of  a  cod- 
tinental  ch&racter  upon  the  old  peneplane     {BarreU.) 

the  Palisades  of  the  Hudson  (Fig.  140,  p.  197,  Pt.  I),  while  a  similar 
trap  sheet  occurs  in  the  Connecticut  Valley  (Figs.  1573, 1580). 
■    These  continental  Upper  Triassic  deposits  are  to-day  distributed 
in  a  series  of  isolated  patches  along  the  AtlanUc  border,  the  three 


largest  lying  in  western  Nova  Scotia,  the  Connecticut  Valley 
area,  and  the  New  York-New  Jersey-Pennsylvania  area.  These 
and  the  other  smaller  areas  of  Virginia  and  North  Carolina 
are  mere'erosion  remnants  of  once  much  more  extensive  deposits. 
In  many  cases  the  remnants  have  been  preserved  by  being  faulted 


—  DtslocatioD  and  block  fauIUng  affectuif;  the  Newark  stnta  bx 
Juiauic  Ume     (Bairell.) 


Tlie  Triassic  System  in  North  America        613 

down  beneath  the  level  of  erosion,  which  in  post-Triassic  time  re- 
duced this  region  to  a  peneplane. 

It  has  been  held  that  some  of  these  deposits,  notably  those  of 
the  Connecticut  Valley,  were  formed  in  depressions  bounded  by 
faults  along  which  more  or  less  movement  was  taking  place  during 
the  deposition  (Figs.  1575-1580).    While  probably  true  for  certain 


Fio.  1577. — The  Kcond  peneplanation  of  the  region,  affecting  the  Ncwirfc 
deposits.     Cretaceous  time,     (BarrelL) 

sections,  this  is  not  always  so.  Indeed,  in  many  places  where 
the  deposits  abut  gainst  a  fault-plane,  the  material  in  the  sedi- ' 
ment  differs  from  that  composing  the  wall-rock,  whereas,  if  this 
fault  represented  a  growing  cliff  during  the  accumulation  of  the 
sediment  at  its  base,  there  should  be  a  large  amount  of  material 
derived  directly  from  this  cliff  itself,  as  is  indeed  the  case  in  some 
sections.  From  this  and  other  arguments  we  conclude  that  many 
and  perhaps  most  of  the  faults  are  of  post-Triassic  (probably 


Jurassic)  origin.  The  igneous  intrusions  and  surface  flows,  as  well 
as  the  tuff  beds,  indicate  that  volcanism  was  active  throughout . 
later  Triassic  time  in  eastern  North  America,  and  a  part  of  the 
faulting  may  have  accompanied  the  volcanic  manifestations.  Not 
infrequently  the  lava-flows  seem  to  have  covered  bodies  of  sfaaUow, 
standing  water,  or  overspread  a  flood-plain  deposit  still  saturated 
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with  water.  In  such  cases  the  base  of  the  lava  sheet  was  rendered 
porous  by  the  resulting  steam,  while  sand  and  mud  was  not  in- 
frequently carried  up  into  the  lava-sheet  for  some  distance  by  tlie 


Flo.  1579.  — The  Connecticut  ttgkm  during  the  Gl«dal  period.    (BMidL) 


Violent  activities  of  the  expanduig  steam  Subsequently  the  cavi 
ties  in  the  lava  sheet  were  filled  with  mineral  matter  forming 
geodes  and  pockets  hned  w  tb  crystals  of  amethyst  etc  or  more 
or  less  filled  with  a  great  variety  of  zeobtic  and  other  minerals. 


Fig   1580  — Map  and  section  of  the  Connect  cut  Valley  tt^aa  (Nemik 

depos    )  as  ex  stins  o-da       (Bairell ) 
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Famous  deposits  of  such  minerals  are  found  in  the  basal  portion 
of  the  Nova  Scotia  mass,  and  in  that  of  New  Jersey  (Paterson 
region). 

So  far  as  it  is  possible  to  determine,  the  great  mass  of  material 
which  is  comprised  in  these  continental  deposits  of  Triassic  age 
is  derived  from  the  west,  in  large  part  from  the  erosion  of 
the  eastern  folds  of  the  Old  Appalachian  Moimtains.  The 
probable  relationship  is  indicated  in  the  following  diagram  (Fig. 
1581).  This  relation  holds  true  for  the  later  Mesozoic  deposits 
of  this  region  as  well,  and  is  in  striking  contrast  with  the  fact  that 
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Fig.  1 581.  —  Sections  illustrating  the  eastward  migration  of  the  Appalachian 
geosyncline  and'  the  development  of  the  Newark  geosyndine.  a,  the  Appala- 
chian geosyncline  of  deposition  as  it  existed  to  the  end  of  Paheozoic  time.  The 
source  of  the  clastic  sediment  was  on  the  east  in  Appalachia.  b,  the  Paheozoic 
sediments  folded  to  form  the  Appalachian  Mountains.  The  Newark  geosyn- 
cline is  formed  by  the  subsidence  of  Appalachia.    (Original.) 


during  Palaeozoic  time  the  great  mass  of  sediment  was  derived 
from  Appalachia  on  the  east.  Deposits  of  this  type  are  prin- 
cipally formed  on  the  leeward  side  of  mountain-chains  which  are 
of  sufficient  height  to  deprive  the  winds  of  most  of  their  moisture 
in  crossing  them.  Therefore  it  would  appear  that  the  prevailing 
or  planetary  winds  of  the  Mesozoic  in  this  region  were  westerlies 
as  they  are  to-day,  whereas  in  Palaeozoic  time  they  were  easterlies, 
such  as  are  found  farther  south  in  this  country  at  the  present 
time.  Such  an  inversion  of  the  direction  of  prevailing  winds  is 
readily  explained  if  we  may  assume  a  change  in  the  position  of  the 
poles  of  the  earth  at  the  end  of  Palaeozoic  time,  this  change  es- 
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tablishing  essentially  .the  conditions  which  exist  to-day.  How- 
ever, until  the  possibility  of  such  a  pronounced  rearrangement 
of  the  earth  as  a  whole  is  shown  by  other  facts,  this  explanation 
can  be  accepted  only  in  a  tentative  manner.  Nevertheless,  it 
would  be  difficult  to  explain  these  changes  by  any  purely  local 
rearrangements  of  land  and  sea  and  of  ocean-currents,  such  as 
are  often  appealed  to. 

Western  North  America.  —  In  western  North  America,  the  stage 
setting  for  the  development  of  the  Triassic  and  Jurassic  sequences  of 
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Fig.  1582.  —  Diagrammatic  sections  to  illustrate  the  fonnatioii  of  the  Pabeo- 
cordilleran  mountains  and  the  Neo-cordilleran  geosyncline  and  Piedmont  basin. 
The  Palsozoic  strata  were  folded  at  the  end  of  Palsozoic  time,  and  two  basins 
of  deposition  were  formed,  separated  by  these  mountains.  In  the  eastern  one, 
continental  sediments  were  the  chief  deposits,  in  the  western,  marine  beds 
accumulated  throughout  Mesozoic  time.    (Original.) 


events  was  produced  by  the  formation  of  the  Palaeocordilleran 
Mountains  through  the  folding  of  the  Palaeozoic  strata  which  had 
been  deposited  in  the  Palacocordilleran  geosyncline,  and  by  the 
accompanying  formation  of  the  Cordilleran  geosyncline  to  the  west. 
As  these  mountain-foldings  affected  primarily  the  deeper  portion 
of  the  old  Palaeocordilleran  geosyncline  in  which  the  Palaeozoic 
deposits  were  thickest,  there  remained  a  portion  of  that  geo- 
synclinal  region,  to  the  east  of  this  new-formed  mountain  range, 
where  the  older  strata  were  but  little  or  not  at  all  affected.  The 
Triassic  and  Jurassic  strata  which  accumulated  in  this  more 
eastern  region  had  essentially  a  concordant  relation  to  the  older 
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sediments,  though  as  the  folded  strata  of  the  mountains  were  being 
worn  down  some  of  the  younger  beds  also  came  to  rest  uncon- 
formably  upon  their  eroded  edges.  We  will  speak  of  this  eastern 
basin  of  deposition  as  the  CordiUeran  Piedmont  basin  or  trough. 
West  of  the  newly  formed  mountain  chain  lay  the  main  Cor- 
diUeran geos3mcline,  formed  upon  the  old  crystallines,  which 
furnished  a  large  part  of  the  material  of  the  terrigenous  beds  of  the 
Palaeozoic.  In  this  trough  or  geosyndine  the  Triassic  beds  rest, 
therefore,  directly  upon  the  pre-Palaeozoic  rocks.  Whether  there 
was  any  intercommunication  between  the  western  and  eastern 
troughs  around  the  northern  end  of  the  Palaeocordilleran  Moun- 
tains is  as  yet  unknown,  but  the  similarity  of  the  faunas  seems  to 
suggest  that  such  was  the  case.  The  relationships  of  these  areas 
of  deposition  to  each  other  and  to  the  Palaeocfordilleran  Mountains 
is  shown  in  the  preceding  cross-sections  (Fig.  1582)/ 

Triassic  Deposits  in  the  Cordilleran  Piedmont  Basin 

United  States.  —  The  southern  part  of  this  basin  or  trough, 
which  extended  into  Arizona  and  New  Mexico,  was  the  site  of 
continental  sedimentation  of  material,  derived  in  large  part  by 
erosion  of  the  strata  of  the  Palaeocordilleran  Mountains.  Since 
these  mountains  lay  in  the  path  of  the  westerlies,  or  southwesterlies, 
and  since  they  were  apparently  high  enough  effectively  to  de- 
prive these  winds  of  most  of  their  moisture,  the  climate  to  the  east 
of  the  mountains  became  arid,  in  consequence  of  which  the  deposits 
were  thoroughly  oxidized,  and  are  now  in  large  part  red  beds.  These 
Triassic  red  beds  rest  in  general  conformably  upon  the  Palaeozoic 
in  Arizona,  New  Mexico,  Utah,  Colorado,  and  elsewhere,  and  they 
are  to-day  exposed  in  the  Colorado  Plateau  region  and  in  the  Front 
Ranges  of  the  Rocky  Mountains.  In  a  few  cases,  as  in  the  Grand 
River  Valley  sections,  the  contact  between  the  Triassic  {Dolores) 
and  the  Palaeozoic  beds  shows  a  slight  unconformity,  the  older 
beds  dipping  at  a  moderate  angle,  while  the  Triassic  strata  rest 
upon  the  eroded  surfaces  of  various  members  of  this  older  series. 
Here,  then,  is  indicated  a  slight  disturbance,  probably  a  doming  of 
the  older  strata  at  the  time  of  the  formation  of  the  Palaeocordilleran 
Mountains  farther  west.  This  disturbance  was  analogous  to  th^ 
formation  of  the  domes  and  basins,  and  ot  the  synclines  and  anti- 
clines between  them,  in  the  eastern  part  of  the  continent  during 
the  Appalachian  folding. 
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The  general  relationship  of  the  Triassic  strata  of  this  region 
will  be  made  clear  by  a  comparison  of  two  sections,  one  in  the  banks 
of  the  Little  Colorado  River,  the  other  in  the  Ouray  and  Telluride 
districts  of  Colorado,  to  the  northeast  of  the  preceding  (Fig.  1583). 
In  both  sections  the  Triassic  beds  lie  upon  Permian  strata,  the 
contact  being  a  (Usconf ormable  or  even  slightly  unconformable  one 
in  the  northeast,  but  apparently,  though  probably  not  actually, 
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Fig.  1583.  —  A  comparison  of  columnar  sections  of  the  Triassic  beds  of 
southwestern  Arizona  with  those  of  southwestern  Colorado.  This  shows  the 
thinning  and  overlapping  of  the  successive  divisions  of  the  Triassic,  from  the 
southwest  to  the  northeast  or  away  from  the  PaUeo-cordilleran  mountains, 
the  source  of  supply  of  the  clastic  material.  The  .Triassic  beds  rest  discon- 
formably  upon  continental  Permian,  and  are  disconformably  succeeded  by 
continental  Jurassic.     (Original.) 

conformable  in  the  southwest.  In  both  cases  the  series  begins 
with  conglomerate  beds  and  is  followed  by  sands  and  clays,  but 
there  is  an  older  series,  the  Shinarump,  in  the  southwestern  region 
which  is  absent  in  the  northeastern  section,  where  by  overlap  the 
lower  Dolores,  equivalent  probably  to  the  higher  part  only  of  the 
^Leraux  of  the  Arizona  section,  rests  directly  upon  the  Permian. 
The  upper  Dolores,  which  corresponds  to  the  lower  Painted  Desert 
beds  of  the  Little  Colorado  section,  is  probably  incomplete,  as  there 
is  an  erosion  interval  between  the  Dolores  and  the  La  Plata 
(Jurassic). 
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As  these  deposits  are  all  continental  in  origin  and  clearly  derived 
from  the  southwest,  it  is  evident  that  the  overlap  is  away  from 
the  source  of  supply  and  is  of  the  type  characteristic  of  alluvial 
fans.  The  relationship  of  these  strata  at  the  time  of  their  formation 
was  therefore  something  like  that  shown  in  the  following  diagram 
(Fig.  1584.    Compare  also  Figs.  382  a-c,  pp.  465,-466,  Pt.  I). 


»rt.iitwwnimjHUM 


// 


A 
/ 


fl.  V.  IIXBOIU 


4i» 

I  R 


■. «.  OOIMADO 


^/ 


i< 


/^.>/X^^ 


/ 


/x 


V 


// 


>>^r/s^f  >' 


Fig.  1584.  —  Ideal  section  restoring  the  conditions  in  the  Neo-cordilleran 
Piedmont  Basin  (Colorado  geosyncline)  in  Triassic  time.  The  locations  of 
the  sections  in  the  diagram,  Fig.  1583,  are  given.    (Original.) 


The  Shinarump  comprises  conglomerates,  coarse,  often  cross-bedded  sand- 
stones, and  variegated  marls.  The  conglomerates  contain  an  abundance  of 
fragments  of  silicified  wood.  The  Leroux  formation  consists  mainly  of  varie- 
gated argillaceous  and  calcareous  marls,  followed  by  sandstones,  limestones 
with  flint  fragments,  and  at  the  top  by  more  calcareous  marls.  In  this  series  is 
found  one  of  the  famous  petrified  forests  of  Arizona,  consisting  of  logs  of  wood 
which  have  become  changed  to  agate  (Fig.  1585).  This  wood  represents  the 
trees  which  probably  grew  on  the  higher  slopes  of  the  Pakeo-cordiUeran  Moun- 
tains, from  which  they  were  washed  down  during  heavy  freshets  and  buried  in 
the  accumulating  strata.  Bones  of  crocodiles  are  also  found  here,  and  again 
in  the  equivalent  lower  Dolores  beds  to  the  northeast.  These  lower  Dolores 
beds  are  composed  of  variable  sandstones,  limestone  conglomerates,  and  shales, 
partly  greenish  or  gray  in  color  and  persistently  fossiliferous  at  certain  horizons, 
the  fossils  being  belodont  crocodile  remains  and  other  reptiles.  The  bones  are 
conmion  in  the  conglomerates,  where  they  are  much  worn.  Occasionally 
fresh- water  shells  are  found  {Unio,  Vivipara,  aniCf  pp.  51,52). 

The  lower  Painted  Desert  beds  of  the  Arizona  sections  begin  with  soft, 
friable,  argillaceous  sandstones  of  orange  color  (100  ft.)  followed  by  variegated, 
brilliantly  colored,  and  irregularly  stratified  sandstones  (800  ft.).  They  are 
in  turn  followed  by  cross-bedded  ^sandstones,  probably  of  Jurassic  age.  The 
equivalent  of  this  series  in  Colorado,  where  it  is  often  removed  by  Jurassic 
erosion,  is  a  fine  shale  of  strong  red  color,  and  bands  of  massive  sandstone, 
generally  without  cross-bedding,  20  or  more  feet  in  thickness,  of  fine  and  even 
grain. 
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While  these  continental  beds  were  accumulating  in  the  southern 
part  of  this  basin,  the  northern  part  was  invaded  by  the  sea  from 
the  northwest,  and  there  the  strata  were  mainly  of  maline  ori^, 
as  they  are  in  the  geosyndinc  to  llie  west  of  the  Paleocnrdilleran 
ranges.  These  strata  are  now  found  in  parts  of  Idaho,  Wyoming, 
and  northern  Utah,  where  they  rest  with  iq)parent  conformity 
(probably  disconformably)  upon  the  Penman  beds,  which  here  are 
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Fio.  1585,  —  Fosul  logs  in  the  Petrified  Forest  NationAl  Monument,  Apache 
Co.,  Arizona.    Triasdc.     (Depulmenl  of  the  Interior.) 

phosphate-bearing  (Phosphoria  formations).    All  these  strata  have 
been  much  deformed  by  post-Cretaceous  disturbances. 

The  Triassic  series  begins  with  thin-bedded  sands,  shales,  and 
limestones,  with  marine  fossils  {Mydina,  etc.).  or  with  red  beds 
in  some  sections  (Woodside  ihale)  1000  to  1800  feet  thick  followed 
by  limestones  with  shale  beds  up  to  aooo  feet  in  thickness  (Thaynes 
limestone).  In  the  lower  part  of  this  limestone  Is  found  the  char- 
acteristic lower  Triassic  cephalopod,  Meekoceras  (Figs,  i  j86  a,  b), 
one  of  the  ceratite  types,  while  other  cephalopods  occur  in  higher 
horizons  {Tirolites,  Columbites,  Figs.  1586  c-f,  etc.).  In  general, 
this  series  becomes  more  sbaly  and  sandy  as  it  is  traced  southward 
into  UtaE.    Above  the  limestone  follows  a  second  dastic  series 
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Fig.  1586.  —  Triasuc  cephalopods  of  western  North  America.  (Cordil- 
Icrkn  PiednwDt  basin ;  see  Fig.  1581.)  a,  b,  Metkoctras  pacUitltiatum,  Lowest 
Triusic.  C'-f,  Columbiles  parisUtuii,  Lower  Triaasic  (above  the  Meekoceras 
beds).    (LF.) 

{Ankareh  sh&le,  670-1500  feet  thick)  with  intercalated  limestones, 
which  merges  southward  into  red  or  maroon-colored  beds.  This 
in  turn  is  succeeded  by  a  cross-bedded  reddish  or  white  sand- 
stone (Nugget  sandstone,  1900  feet  thick)  which  may  be  in  part 
of  Jurassic  age. 

Canadian  Extension  and  Alaska.  —  Shales  and  limestones  with 
marine  fos^s  are  found  farther  north  in  the  probable  continua- 
tion of  this  basirr,  where  they  are  often  complicated  by  extensive 
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volcanic  beds.  As  the  Palaeocordilleran  Mountain  range  probably 
passed  beyond  the  present  borders  of  the  continent  near  the  inter- 
national line,  the  Triassic  strata  of  the  Pacific  region  of  Canada 
belong  in  this  belt  and  they  are  concordant  with  the  underl)ring 
Palaeozoic,  having  been  deposited  to  the  east  of  the  deformed  belt. 
These  beds  are  exposed  on  Vancouver  and  Queen  Charlotte  Islands 
and  again  150  miles  east,  on  Thompson  River  in  the  Kamloops 
district  of  British  Columbia.  A  northward  continuation  of  this 
same  series  is  found  in  Alaska  where,  though  as  yet  litde  known, 
it  rests  disconformably  upon  the  Palaeozoics.  Near  Mt.  St  Elias 
Triassic  basalts  have  a  thickness  of  4000  feet,  and  are  overlain 
by  Upper  Triassic  limestones  {ChUistone  formation)  of  similar 
thickness,  and  these  by  dark  shales  2500  feet  thick.  These  beds 
were  folded  at  the  end  of  Triassic  time,  for  the  Jurassic  beds  lie 
unconformably  upon  them  (Chitistone  disturbance  of  Schuchert). 
Other  Triassic  beds,  chiefly  of  marine  origin,  are  widespread  over 
Alaska  as  far  as  Cape  Thompson  on  the  northwest  coast.  Marine 
Triassic  beds  are  also  found  on  the  islands  of  Arctic  North  America, 
northwest  Greenland,  and  the  Atlantic  coast  of  eastern  Greenland. 
(See  map,  Fig.  1569.)  That  the  eastern  border  of  the  Triassic 
Piedmont  basin  lay  to  the  east  of  the  Rocky  Mountain  ranges  in 
British  Columbia  is  shown  by  the  fact  that,  where  the-  eastern 
range  is  cut  by  river  channels,  beds  of  Triassic  age,  often  with 
marine  fossils,  are  found. 

Triassic  of  the  Western  {CordiUeran)  Geosyndine 

Western  United  States.  —  (See  map,  Fig.  1587.)  The  geo- 
s)mcline  which  was  developed  in  the  oldland  on  the  folding  of  the 
western  Palaeozoic  strata  (to  form  the  Palaeocordilleran  Moun- 
tains and  which  lay  to  the  west  of  these  mountains.  Fig.  1582) 
was  apparently  bounded  on  the  west  by  a  land  mass  of  which  the 
coastal  ranges  of  California  appear  to  be  remnants.  Whether 
this  bounding  land  mass  on  the  west  was  continuous  or  whether 
the  Pacific  had  access  to  the  geos3mcline  across  it,  cannot  as  yet 
be  definitely  determined.  It  is  probable,  however,  that  the 
geosyndine  communicated  with  the  Pacific  on  the  north.  The 
center  of  this  western  geosyndine  seems  to  have  been  located 
where  now  lie  the  eastern  ranges  of  the  Sierra  Nevada  Mountains. 
In  Inyo  County,  California,  we  find  Lower  Triassic  marine  strata 
with  the  characteristic  ceratitic  cephalopod,  Meekoceras  grticiUtatis 
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Fia.  1587.  —  P&lieogeographic  map  of  North  America,  showing  the  distributknl 
of  land  and  sea  (blact)  in  Triassic  time.     (Original.) 

(Fig.  1586  a-b),  and  other  characteristic  fossils  belonging  to  the 
North  Pacific  fauna  and  closely  related  to  forms  found  in  the 
Himalayas,  in  southern  Siberia,  in  Tibet,  and  in  Spitzbergen. 
Upper  Triassic  strata  are  represented  west  of  Lake  Tahoe  by  black 
slates  with  interbcdded  limestones,  apparently  between  6000  and 
10,000  feet  thick. 
In  the  West  Humboldt  range  of  Nevada  the  Triassic  rocks  formed 
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in  this  geosyncline  are  again  well  exposed.  They  begin  with 
arkosic  sands  of  continental  origin  (KoipcUo  group)  repre- 
senting, according  to  King,  the  erosion  product  of  the  Weber 
quartzite  of  Pennsylvanian  age,  which  formed  the  crest  of  the  old 
Palaeocordilleran  range  on  the  east,  and  which  was  itself  formed 
of  the  debris  of  the  pre-Cambrian  crystallines.  The  Koipato 
formation  is  over  6000  feet  thick,  and  is  followed  conformably 
by  the  Star  Peak  group,  over  10,000  feet  thick  and  consisting  of 
three  great  limestone  zones  with  three  interbedded  quartzites, 
the  lower  of  which  is  similar  to  the  Koipato,  while  the  upper  are 
more  siUdous.  The  fossils  of  the  lowest  Umestone  indicate  late 
Middle  Triassic  (Ladinic),  while  the  highest  beds  represent  the 
Noric  horizon  of  Europe,  the  Rhaetic  being  apparently  absent. 

In  the  Klamath  Moimtains  of  northern  California  we  apparently 
approach  the  western  border  of  this  geosyncline,  for  there  Lower 
Triassic  beds  are  wanting,  being  overlapped  by  beds  of  Middle 
and  Upper  Triassic  age.  These  beds  comprise  the  following 
succession  in  descending  order. 

UPPER  TRIASSIC 

Shales  with  Pseudomonatis  subcircukuis  (Fig.  1588)  (Noric),  veiy  thick. 

HossELKUs  LIMESTONE  (partly  Noric,  mostly  Kamic) 400  feet 

MIDDLE  TRIASSIC 

Shales  with  Protrachyceras  homfrayi  (Ladinic)   .•••...      100  feet 

Pitt  formation  (Ladinic  and  Anisic?) ••   3000-3000  feet 

Hialus 
PRE-TRIASSIC  BASEMENT 

The  beds  are  all  much  disturbed  by  later  folding  and  faulting. 
They  have  also  suffered  metamorphism,  and  have  been  subject 
to  much  erosion.  In  some  sections  (Redding  region)  the  Pitt  for- 
mation is  preceded  by  flows  and  by  tuffs  of  rhyolite  (500  feet)  and 
this  by  andesites  (1000  feet)  which  rest  upon  Pennsylvanian  beds. 

Mexico  and  Central  America.  —  The  western  geosyncline  can  be 
traced  southward  into  Mexico  and  Central  America.  In  the  state 
of  Sonora,  Mexico,  continental  Upper  Triassic  (Keuper  and  Rhaetic) 
beds  with  coal  and  plant  remains  occur.  Farther  south  near 
Zacatecas  City,  marine  Upper  Triassic  beds  (Kamic),  with  char- 
acteristic fossils,  and  intimately  associated  with  greenstones,  rest 
unconf ormably  upon  the  ancient  schists  and  are  themselves  folded. 
Southwestward  from  this,  in  southern  Mexico  and  Central  America, 
only  continental  beds  of   Upper  Triassic  age  are   known.    In 
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Nicarag;ua  these  carry  cycad  remains,  and  are  cut  by  sUver-bearing 
veins.  They  appear  to  have  been  deposited  along  the  south- 
western margin  of  a  mountain  range  which  extended  through 
Mexico  and  Central  America,  apparently  across  the  path  of  the 
northeasterly  trade-winds  which  characterize  this  region  to-day. 


The  TsiAsstc  of  Sodtb  Ahekica 

Two  thousand  miles  south  from  Nicaragua,  in  the  Andes  of 
Peru,  Triassic  beds  are  :^ain  found.  The  region  whidi  now 
constitutes  the  Andean  chain  was 
then  a  geosyncline,  but  whether 
this  was  a  continuation  of  the 
western  geosyncline  of  North 
America  or  not  is  undetermined. 
Both  marine  and  non-marine  de- 
posits occur  there,  the  former  with 
the  characteristic  pelecypod  Pseu- 
domonotis  subcircularis  (Fig.  1588), 
found  in  the   Upj>er  Triassic  of 

western  North  America  (Noric),  .     ,.-,,,     ,     „i      .   . 

'  circwoTM,  left  valve  X^.    A  curac- 

the   latter  with   a   Rhsetic   flora  temtk    pelecypod    of    the   muiue 

and  sometimes  with  coal.     Simi-  Upper  Triassic  of   western  North 

lar  beds  are  also  found  in  Argen-    'V"^''^  *°^  ^"5°f*\  'T/'J^*"""' 

_,  ,  *  ol  European  authon.)     (I.  F.) 

tme.    Throughout  most  of   this 

region  the  Upper  Triassic  beds  are  conformably  succeeded  by 
marine  Lower  Jurassic  beds. 


The  Tkiassic  of  Eubope 

Lower  Triassic.  —  The  geography  of  Europe  at  the  opening  of 
Triassic  time  showed  considerable  modification  from  that  of  the 
preceding  periods.  A  continuous  land  mass  shut  out  the  Atlantic 
on  the  west  and  northwest,  this  land  extending  from  Scotland  to 
Scandinavia  on  the  one  hand  and  to  France,  Spain,  and  North 
Africa  on  the  other.  The  Armorican  chain  had  become  part  of  a 
broader  land-mass  which  included  most  of  France,  but  with  the 
beginning  of  a  north-south  depression  in  the  Rhone  and  Rhine 
VaUey  regions,  which  in  Middle  Triassic  time  became  a  pathway 
for  the  transgressing  sea,  the  Variscian  chain  had  become  inde- 
pendent of  the  Armorican  chain  and  was  now  continued  southward 
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in  a  mountainous  peninsula  through  Cornea  and  Sardinia  (Tyr- 
rhenian peninsula).  This  independent  system,  the  reoanant  of 
the  Variscian  chain,  constituted  the  Vindelician  chain  of  Mesozoic 
geography.  Italy  was  apparently  separated  from  Europe  and 
formed  a  northward  projecting  peninsula  from  Africa.  These 
features  are  shown  in  the  accompanying  paleogeographic  map 
(Fig.  1589). 

Three  great  basins  of  deposition  existed  at  this  time:  the   North 
European,  occupying  more  or  less  of  the  area  covered  by  the 


Fig  1589  — PaUeogeographic  map  of  Europe,  showing  the  disttibutioD  of 
land  and  sea  (black)  and  thearcasof  continental  sedimentation  in  early  Trias»c 
time.  K  =  the  Vindelician  chain  with  a  southern  citension  into  Sardinia  and 
an  eastern  one  north  of  the  Tethys  Sea.     (Original.) 

north  European  Permian  basin;  the  Balearic,  occupying  the 
western  Mediterranean  of  to-day  between  the  Tyrrhenian  peninsula 
and  central  Spain,  and  the  Main  Mediterranean  basin,  or  Tethys,^ 
which  occupied  the  region  of  the  modem  Alp>s,  part  of  the  Balkan 
peninsula,  and  Greece,  and  thence  extended  eastward  over  the 
region  occupied  to-day  by  the  Black  Sea,  the  Caucasus  Mountains, 
and  the  Caspian  Sea,  and  on  into  southern  Asia.  This  last  basin 
was  occupied  by  marine  waters ;  during  Lower  Triassic  time,  the 
other  two  were  dry  basins  which  received  only  continental  sedi- 

1  Naoted  10  by  Suess,  iftet  Tifiit,  a  Ma-goddeai,  wifr  of  Oceanua.    . 
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ments,  though  m  Middle  Triassic  lime  these,  too,  were  flooded  by 
the  sea. 

From  the  uplands  on  the  west  streams  carried  the  product  of 
di^ntegration  of  the  rocks  into  the  two 
western  basins  which,  because  of  their 
mountain-enclosed  character,  were  es- 
sentially deserts.  These  deposits  are  now 
represented  by  red  and  variegated  sand* 
stones,  clays,  and  conglomerates,  several 
thousand  feet  in  thickness.  They  con- 
stitute the  lower  part  of  the  New  Red 
Sandstone  of  England  (Fig.  1590),  the 
Vosgian  sandsUme  of  northern  France  and 
the  Vosges  Mountains,  and  the  BunUr 
Sandstein  of  the  Black  Forest  and  northern 
Germany  in  general.  In  the  middle  of 
this  series  the  evidence  of  widespread 
desert  conditions  is  most  marked,  many 
portions  of  the  sandstone  representing 
consolidated  sand  dunes.  The  modem  .  , 
Vosges  and  Black  Forest  regions  were  ^i^ZH^IJJ,'!-..... 
one  of  the  centers  of  stream  debouchure,  Triassic  (upp«r  Bunisand- 
for   there   the   deposits  are   often   very    stdn).    (Aficr  Steinmann.) 


fopHylh. 


Volttia  liele- 
branch  with  long 
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coarse,  as  they  are  along  mountainous  margins  of  modem  deserts. 
.The  great  mass  of  sediment  came  from  the  cast  and  south  from 
the  Armorican  land  mass  on  the  one  hand  and  the  Vindelidan 
chain  on  the  other.  The  Scandinavian  region  on  the  north 
appears  to  have  been  of  low  relief. 

In  the  upper  part  of  this  sandstone  series  {RStk  division)  the 
remains  of  the  coniferous  trees  (KoUna,  Fig.  1591)  which  grew 


Fio.    1591.  —  Crou-aection    through    Salzgitter,    northwestern   Gernuay. 
I,  UppeE  Buntsaodsteia  (Rdth)  with  Mycpheria  cosMa;   a.  Rock  ult  with 

jntercalationsof  anhydrite  (n)  and  potash  salt  (Jt)i  3,  Red  clays  with  JVyojAorM 
costata;  4,  Muschelkalk.     (After  Kayser.) 


Upon  the  higher  moimtain  slopes  were  buried  in  micaceous  sand- 
stones which  were  formed  near  the  mountains,  and  which,  farther 
in  the  basm,  merge 
into  marls,  dolomites, 
and  limestones,  with 
a  sparse  marine  fauna, 
which  indicates  that 
the  sea  had  b^un  to 
transgress  into  this 
basin.  As  the  climate 
was  still  semi-arid, 
gypsum  and  salt  de- 
posits, with  some  pot- 
ash salts,  were  formed 
in  marginal  lagoons 
along  the  sea  (Fig. 
1592).  Nevertheless, 
the  climate  was 
moister  than  during 
the  earlier  part  of  Triassic  time.  The  great  amphibians  (C/nrothe- 
rium)  took  advanUge  of  this  condition  to  wander  far  and  wide   ' 


Fig.  I S03.  — Tracks  (in  relief)  oi  ChiTOthcrium, 
fiuntsandstein,  Hessberg,  Germany.  (From  Haas' 
Leilfoailitti.) 
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over  these  plains,  and  left  their  foot-prints  in  the  sands  and  muds 
of  the  river  flood-plains  (Fig,  1593). 

The  Lower  Triassic  of  the  Balearic  basin  was  deposited  over 
southern  France,  the  Pyrenees  Mountains  (a  lowland  at  that 
time),  eastern  Spain,  the  Balearic  Islands,  and  the  west  coast  of 
Sardinia,  together  with  the  intervening  region  now  buried  beneath 
the  waters  of  the  Mediterranean  but  at  that  time  the  floor  of  a 
desert  basin.  In  other  words,  the  present  mountains,  islands,  and 
sea  bottoms  of  the  region  were  replaced  by  a  continuous  level 
basin  floor,  nearly  surrounded  by  mountains  which  have  since  dis- 
^peared.  The  source  of  the  sediments,  which  are  sands  and  days, 
was  chiefly  in  the  uplands  of  France  and  Spain,  and  from  these 
regions  they  spread  outward,  carried  by  intennittent  streams  and 


Fio.  1594.  —  Diagranmuitic  section  (id«al>,  lowing  tht  east-west  relation- 
ship  of  the  Tiiassic  strata  in  northern  Europe.  In  England  the  series  comprises 
red  sandstones  throughout  (New  Red  Sandstone),  in  Germany  the  threefold 
division  into  Buntsandstein,  Muschelkalk,  and  Keuper  is  typically  developed. 
(Original.} 

in  part  probably  by  wind.  Many  of  the  beds  are  red,  and  the  series 
generally  begins  with  conglomerates  which  rest  upon  the  eroded 
surfaces  of  various  older  formations.  The  thickness  of  the  de- 
posit in  the  center  of  this  basin  was  about  500  meters.  A  remnant 
only  of  this  is  seen  to-day  on  the  Balearic  Islands.  Along  the 
.western  margin  of  the  Tyrrhenian  peninsula,  the  sediments  were 
chiefly  of  local  origin.  As  was  the  case  in  the  northern  basin,  the 
Lower  Triassic  of  the  Balearic  basin  shows  in  the  upper  portion 
the  influence  of  the  transgressing  sea. 

The  main  Mediterranean  basin  or  Tethys,  which  at  this  time 
was  bounded  on  the  north  by  the  VindeUcian  chain  and  on  the  west 
by  the  Tyrrhenian  land  tongue  and  the  Italian  [>eninsula  (then 
a  part  of  Africa),  was  occupied  by  the  sea,  and  there  the  deposits 
are  mainly  of  the  marine  type,  though  along  the  margin,  especially 
in  the  lee  of  the  western  mountainous  coast,  heavy  deposits  ac< 
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cumulated,  in  part  above  the  sea-level.  It  was  there  that  the  great 
salt  deposits  of  the  Alpine  region  (Salzburg,  Hallstatt,  Berchtes- 
garden,  etc.)  were  formed  in  marginal  lagoons  of  the  sea,  because 
the  mountains  acted  as  a  barrier  to  the  westerly  winds  and  de- 
prived them  of  their  moisture,  so  that,  when  they  descended  on 
the  east  or  leeward  side,  they  had  become  drying  winds.  These 
salt  deposits  were  exploited  more  than  a  thousand  years  before  the 
b^inning  of  the  Christian  era,  and  they  are  still  an  important 
source  of  salt  in  Europe.     Many  riecords  of  primitive  salt  workers 


mmj.}^gKs^m 
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Fic.  :5g5.  —  Palraigeographic  map  of  Europe,  showing  the  distribution  of  Und 
and  sea  (black)  mMid-Triassic  time.     (Original.) 

have  been  preserved  in  some  of  the  older  mines,  especially  in  the 
Hallstatt  region. 

Similar  more  or  less  continental  beds  of  Lower  Triassic  age  were 
formed  along  the  eastern  border  of  the  Italian  land  mass,  in  the 
region  of  the  present  Balkan  states,  in  parts  of  eaatem  Greece, 
and  in  Crete.  More  open  marine  deposits  were  formed  farther  east 
along  the  borders  of  the  present  Black  Sea,  and  these  waters  ex- 
tended eastward  and  became  confluent  with  those  which  then  cov- 
ered northern  India,  the  Himalaya  region,  southern  Turkestan,  etc 

The  Middle  Triassic.  — This  was  a  period  of  great  transgression 
of  the  sea,  which  entered  the  basins  where  formerly  continental 
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sedimentation  prevailed,  and  so  covered  the  continental  beds 
with  a  marine  limestone,  the  Muschelkalk.  Three  distinct  trans- 
gressive  seas  are  recognizable:  1.  The  Boreal  or  Russian  Sea, 
which  penetrated  into  the  north  European  Bunter  basin  (Fig. 
1595),  but  did  not  reach  England,  where  continental  red  beds 
continued  to  be  deposited ;  1.  The  Atlantic,  which  entered  across 
southern  Spain,  filling  the  Balearic  ba^,  and  became  confluent 
with  the  northern  basin  through  the  Rhone-Rhine  straits;  and 
3.  The  Mediterranean  (Tethys)  sea,  which  submerged  a  part  of 
the  Greco- Italian  lands,  and  advanced  to  the  foot  of  the  Vindelician 
Mountains  and  the  Tyrrhenian  penin- 
sula, becoming  confluent  around  the 
southern  part  of  this  peninsula  with  the 
waters  which  filled  the  Balearic  basin 
and,  in  the  region  of  modem  Silesia,  es- 
tablishing a  connection  with  the  northern 
basin,  by  a  narrow  strait.  These  connec- 
tions are  indicated  by  the  intennigmtion 
of  distinct  types  of  organisms  character- 
istic of  each  of  the  three  water  bodies, 
and  they  are  shown  on  the  accompanying 
palseogeographic  map  of  Mld-Triassic 
time  (Fig.  1595). 
_  The  Muschelkalk  of  tte  North  German 

F1G.1600.— £n(n'itiu/i7ii'-  basin  shows  a  threefold  development, 
formis,  stem  joints,  and  basal  marine  limestone  at  the  bottom  and  top, 
viewof«lyx(r«lu«d).   Mid-      ^  ^      ,^  ^^    ■     ^y^  ^^^ 

dkTnassic  (MuschclLalk).       ,    .   ^-"^     ,  ,    , 

(Fig.  1590).  This  mdicates  that  after 
the  first  advance  of  the  sea  a  retreat  set  in  with  evaporation  of 
the  entrapped  sea  water,  and  later  a  second  advance  of  the  sea 
covered  these  precipitates.  The  lower  Muschelkalk  contains 
mainly  the  remains  of  pelecypods  {Myophoria,  Fig.  1597  ;  GerviUaa, 
etc.,  Fig.  159S),  certain  forms  of  ceraticic  cephalopods  {EungariUs, 
etc.),  and  brachiopods  {Terebratula,  Fig.1599 ;  Spiriferina,  etc). 
The  upper  Muschelkalk  had  a  very  distinct  fauoa  in  which  two 
striking  types,  the  crinoid  Encrinus  liliiformis  (Fig.  1600)  and 
the  cephalopod  Ceratiles  (Fig.  i6or)  form  the  dominant  element. 
The  latter  appears  to  be  an  emigrant  from  the  Atlantic  through 
the  Balearic  basin,  for  the  deposits  along  the  western  border  of 
that  basin  carry  this  fossil,  while  the  eastern  part  contains  only 
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Fig.  1601.  —  CrratUes  nodmtis,  a  typical  fosNl  of  the  German 
Muscbelkalk,  with  sutures.     {For  detuis,  Me  p.  133.) 


FlC.  i6o».  —  funeral  view  of  Ihe  Dolomite  reefs  of  South  Tyrol.  Richt- 
hofeo  reef  od  the  left  with  tongue-like  extensions  Into  the  contemporaneous 
maris.  Sett  Soss  leeC  on  the  right.  CD,  structureless  Schlem-dolomite. 
(Afta  Mojsisovtn,  from  Principles  of  SIratigraphy.) 
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fossils  of  the  Mediterranean  (Alpine)  basin.    In  the  latter  great 
limestones  and  dolomites,  often  of  reef-like  character  (Figs.  1602, 


Fic.  1603.  —  Section  of  Schlem  massif  or  Tnassic  dolomite  reet  of  South 
Tyrol,  showing  the  relationship  of  the  reef  rock  and  bedded  formations  (After 
Mojaisovics,  from  Principks  ^  Siralipapky.) 

1603)  and  chiefly  composed  of  calcareous  algae  {Diplopora,  Fig. 
1604),  were  formed.  These  calcareous  beds,  together  with  others 
formed  during  the  Upper  Triassic,  constitute  to^lay  an  important 
part  of  the  Alps,  where,  after  uplift  and 
pronounced  disturbance  followed  by  pro- 
longed erosion^  much  still  remains,  includ- 
ing the  great  reef  masses  of  the  Dolomites 
in  the  Tyrol  (Fig.  4,  p.  g,Pt.  I),  where  con- 
tinuous deposition  of  lime  produced  masses 
,  over  3000  feet  thick.  Some  of  these  beds 
(Ladinian)  alga  of  the  Alps,  contain  numerous  ceratites  (Fig.  1605)  and 
(After  Kayser.)  (See  also  mher  moUusks,  but  of  spedes  restricted  to 
'  '  this  basin  and  its  eastward  continuation 

into  the  Triassic  basins  of  Asia,  except  in  so  far  as  this  Alpine 
or  Mediterranean  fauna,  as  it  is  called,  migrated  part  way  into  the 
other  basins.  The  typical  Muschel- 
kalk  ceratite  (CeraiUes  nodosus. 
Fig.  1601)  is,  however,  absent  from 
the  Alpine  Triassic  deposits.  Sbme 
of  these  Mediterranean  species  are 
also  characteristic  of  the  west  Ameri- 
can marine  Triassic,  among  them 
the  pelecypod  DaoneUa  lommeUi 
(Fig.  1606  a). 

Upper  TriaEsic.  —  This  epoch  wit- 
nessed a  retreat  of  the  sea  from  one-fourth.  (CtadisciUi  tornatu,.) 
the  northern  and  western  basins  and  a  resumption  of  conti- 
nental sedimentation.  At  first  shales  were  formed  in  relict  water- 
bodies   in   the   central    part    of    the    basin,    where    pelecypods 


Fig.  1605,  ^  A  characteristic 
ceratite  of  the  Triassic  Umestooe 
of  the  Alpine   region. 
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(Myophoria  goldfussi.  Fig,  1606  b,  etc.)  related  Co  those  of  the  middle 
period  still  lingered.  These  deposits  passed  laterally  into  river- 
laid  plant-bearing  sediments  which  occasionally  advanced  over 
the  relict  seas  and  killed  their  faunas.  Then  numerous  fresh- 
water ponds  came  mto  existence,  in  which  lived  the  little  bivalve 
"  crustacean  Esthena  (Fig    1607),  and  where  vegetation  grew  in 


Fig,  1606  a. — Daondlo  lammeUi,  a 

Middle    Triassic    (Ladinian)    pelecy-  Fig.  tiiaCb.  —  MyiphoriagMfuaii, 

pod  of  the  Alps  and  western  North  an  Upper  Triassic  (Keuper)  pelecy- 

America.     (After  Rayser.)  pod.     (After  Kayser.) 

sufficient  quantity  to  give  the  deposits  a  highly  bituminous  char- 
acter. River-fish  and  land-reptiles,  too,  were  embedded  in  these 
deposits.  As  the  climate  became  more  arid,  gypsum  deposits 
were  formed  over  many  parts  of  the  northern  basin,  probably  be- 
cause of  partial  evaporation  following  repeated  inundations  of  the 
sea.    In  some  sections  (Lorraine)  salt  deposits  also  were  formed  in 


37.  —  Slab  of    rock  with 
Fig,  i6o6e.  —  Avkuia  conlorla,  an      Eslkeria  minula.  Upper  Triassic 
Upper  Triassic   (Rhjetic)   pelecypod.       (Keuper)  cmstaceaas  of  America  and 
(After  Kayser.)  Europe.    (After  Kayaer.) 

marginal  lagoons  of  the  retreating  sea.  By  this  time  the  con- 
nections with  the  Balearic  and  Mediterranean  basins  had  ceased 
to  exist,  the  conditions  thus  returning  to  those  of  Lower  Triassic 
time.  The  hi^er  Keuper  beds  are  sandstones,  with  plant  and 
reptilian  remains,  and  thick  beds  of  varicolored  clays,  with 
calcareous  concretions  and  with  remains  of   large  dinosaurs. 
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Finally,  the  series  is  closed  by  the  Rhsetic  sands,  which  mark  A 
readvance  of  the  sea,  since  many  of  the  beds  contain  a  s[>arse 
marine  fauna  {Avicula  amtorta,  Fig.   1606  c,  etc.).     Remains  of 


Fig.  1608.  —  TyjHcal  scenery  formed  by  the  Wetterstein  limestone,  Middle 
Trias^c  (Ladink)  in  the  noithern  Alps.     The  elevation  of  the  hut  is  1605 


fresh-water  and  land  organisms  also  occur  in   many   sections, 
showing  that  the  marine  conditions  were  not  fully  reestablished. 

In  England  these  Upper  Triassic  beds  are  sandstones  and  marls, 
and  carry  important  salt  deposits  which  appear  not  to  be  of  marine 
but  of  desert  or^ia,  without  basal  gypsum  beds  (p.  3341  Ft.  I).    The 
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fossils  of  these  beds  are  mainly  vertebrates,  the  fresh-water 
crustacean,  Estheria,  and  some  fresh-water  Mollusca.    The  re- 


FlO.  1609.  —  Typical  nrountain  slope  of  Upper  TriasMc  (Noric)  limestOM, 
"HiiUpt  dolomite,"  northern  Alps.     (Gufel  on  tbe  Bockkatkopf.) 

latioDships  of  the  English  and  North  German  Triassic  beds  are 
shown  in  a  preceding  diagram  (Fig.  1594,  p.  629). 
The  Upper  Triassic  beds  of  the  Balearic  basin  are  essentially 
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similar  to  those  of  the  northern  basin,  except  that  more  salt  was 
fonned  along  the  sea  margin,  especially  in  Spain.  In  the  Mediter- 
ranean  basin  marine  conditions  continued  with  the  formation 
of  extensive  limestones,  some  of  which  represent  very  shallow  water 
deposits.  Many  of  the  great  limestone  deposits  of  the  Balkan 
peninsula  and  of  Greece  were  formed  at  this  period.  The 
characteristic  appearance  of  the  Triassic  limestones  of  the 
Northern  Alps  (Mediterranean  basin  type)  is  shown  in  Figures 
I 608-1610. 


The  Triassic  op  Other  Continents 
Id  Asia  the  marine  Upper  Triassic  is  best  developed  in  ihe 
Himalayas  while  other  regions  were  the  sites  of  continental  plant- 
bearing  deposits  which  often  rest  directly  upon  pre-Triassic  rocks. 


Fig.  1610. — Summit  of  the  Dachstein  in  the  northern  limestone  Alp^ 
Austria.     (Alter  Haug.) 

In  South  Africa  the  upper  part  of  the  great  continental  Karoo 
formation  is  of  Triassic  age,  the  lower  part  being  Permian  and 
resting  upon  the  Dwyka  glacial  conglomerates. 
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Chaeacteristic  Life  Of  the  Tsiassic 

Hume   Organisms.  —  Lime-Kcreting   Al(n    were    abundant    in    the 

Triassic  sea,  especially  in  the  Mediterranean  basin,  where  great  Tcef- 

like  masses,  such  as  those  of  the  Dolomites,  wete  largely  formed  by  a  few 


Fic.  1611  a.  — Kiminckitia  leon- 
kardi,  a  Middle  Triassic  (Ladinian) 
brachiopod  of  the  Alps,  showing  the 
small  ventral  valve,  the  large  pedicle  Fig.  i6it  b. —  Lima  striata,  an 
valve,  and  the  internal  spiral  arm  Upper  Triassc  (Muschelkalk)  pelecy- 
supports.     (After  Kayser.)  pod.     (After  Kayser.) 

species  {Diplopora,  etc.,  Fig.  1604).  It  is  now  thought  that  the  msgneiian 
content  of  these  rocks  is  largely  due  to  algal  secretion.  Corals  are  not  un- 
common in  some  of  the  Triassic  limestones,  especially  of  the  Alpine  or 
Mediterranean  region.    The  Paleozoic  types  of  Tetraseptata  have  become 


Fig.  i6i3.  —  A  Triassic  Nautilus  (ProcIydanautUus  Iriadicus,  X^)  from  the 
Upper  Triassic  of  California  and  Europe.  The  suture  in  this  form  has  pro- 
nounced kteral  and  ventral  lobea  suggestive  of  goniatites  but  simpler.  TTie 
other  characters  are  nautilian.     One-third  natural  size.     (I.  F.) 

almost  extinct  —  though  a  few  forms  linger  on.  The  Triassic  corals  are 
chiefly  Heiaseptata,  a  division  most  typically  represented  in  modem  reefs. 
Common  genera  are  THefoitnilia  (Fig.  1646),  Monllicaullia  (Fig,  1647}, 
Isastraa  (Fig.  1645),  Thamnasirrta  (Fig.  1644),  etc.,  all  genera  which  are 
also  represented  in  later  Mesozolc  beds.    Brachiopods  arc  much  restricted 
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m  number  of  genera,  the  chief  ones  being  the  punctate  Spiriftrina,  Ttrt- 
braluia  (Fig.  1599),  and  RhyackeniUa.  A  remarkable  form  restricted  to 
the  Triassic  is  Kcninckina  (Fig.  1611a),  which  has  the  appearance  of  « 


Pig.  1613.  —  Itocroptimiopleris  magni/alia,  a  characteristic  tern  of  the 
Newark  (Upper  Triassic)  strata  of  Virginia  and  North  Carolina.  Restored. 
(After  RusseU,  U.  S,  G.  S.) 

small  Productui.  Among  PelecTpods  the  genera  Myatina,  Uyopkoria 
(Figs.  1597,  16066),  OtrviUeia  (Fig.  159S),  Cardila,  together  with  Lima 
(Fig.  i6ti  b),  Monalis,  Pseudotnonolis  (Fig.  15SS),  Balobia,  DaoHtlla  iT\g. 
1606a),  and  others  are  characteristic.  Gastropods,  too,  abound  especially 
in  the  Alpine  Trias,  there  being  still  some  left-over  Palzoeoic  types  (Bdler- 
tphon,  littrchisottia,  Lexontma)  while  modern  genera  [CerHhium,  Enmr- 
pnida,  etc.)  also  have  appeared.  The  Cephalopoda  are,  however,  by  fat 
the  most  important  index-fossib,  being  represented  by  a  vast  number 
of  ammonoid  genera  and  species,  most  of  them  with  ceratitic  sutures. 
CeratiUs  (Fig,  1601)  itself  is  typically  represented  in  the  Muschelkalk  and 
its  equivalent  beds  in  Spain,  etc.,  but  is  not  characteristic  of  the  Alpine  or 
American  Trias,  where,  however,  other  ceratitic  genera  abound.  In  the 
basal  portion  of  the  West  American  and  Asiatic  Trias,  the  ceratite  genus 
Metkoctras  (Fig.  1586)  is  a  characteristic  index  fossil.    The    Nautiltu 
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type  is  also  well  represented,  but  chiefly  by  spedalbed  genera  with  stroogly 
lobed  sutures  (Fig.  i6iz). 

The  Ciinoids  are  represented  by  several  species  of  Encrinus,  of  which 
E.  lUiifitrmis  (Fig.  1600)  is  the  most  characteristic  in  the  upper  Mutchel- 
kalk.  0(  Echindda,  the  genus  Cidaris  is  the  most  abundant  in  the  Alpine 
Triassic  beds. 


Fro.  1614.  —  Upper  Triassic  (Rhctic)  plants,  a,  Ototamila  macomUi; 
*,  Podosamks  crasiifolia;  t,  Titniopteris  eUgaiu;  d,  AkthofleHt  vkUneyi. 
I,  £,  cycads;  c,  if,  (eras.     (After  Newberry.) 


Froah-water  Fatums.  —  These  consist  mainly  of  fish,  and  of  the  fresh- 
water phyllopod- crustacean,  Eslheria  (Fig.  1607),  which  occurs  in  count- 
less numbers  in  some  shales.  Fresh-water  moUusks  (Unios),  however,  also 
occur.  The  river-Ush  belong  mainly  to  the  ganoids,  the  two  most  char- 
acteristic  American  genera  being  Catopterus  (Fig,  1570),  and  Ischypierus 
(Fig.  1571),  Crocodiles  were  also  very  characteristic  of  the  Triassic  rivers, 
their  bones  {Uystriasutkus,  Bcladon,  Fig,  17S3,  etc.)  abounding  in  the 
continental  Trias  of  the  western  United  States, 

Land  Life.  —  This  included  insects  whose  trails  are  most  frequently 
found,  amphibia,  and  dinosaur  reptiles,  the  foot-prints  of  which  are  most 
characteristic  of  these  continental  deposits.  These  animals  will  be  referred 
to  again  in  a  later  chapter.  The  land  flora  was  rather  meager:  not  more 
than  400  species  are  as  yet  known  (150  American)  and  these  consist  mainly 
of  ferns,  cycads,  and  conifers.  The  most  characteristic  were  the  giant  fern, 
Macropianiopttris  (Fig,  1613)  in  the  American  Upper  Trias  and  the 
conifer  Volhia  (Fig.  1591)  (or  the  European  continental  Lower  Trias.  The 
flora  o(  the  Rhictic  beds  has  already  a  Jurassic  stamp  with  ferns,  cycads 
(Wittandidia,  Williamiottia,  Olommiiet,  etc.),  and  conifers.  Fig^  1614- 
1616. 
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FlC  1 615  —  Fossil  plants  of  the  North  Carolina  and  Richmond,  Va  ,  co«l- 
basuis  (Tnassic)  a  Wakhia  drffuiui,  a  conifer,  b,  Podotatmlei  emimuui,  a 
cycad     (After " 


Fig.  1616.  —  Plants,  a,  branch  of  conifer  (Brochyphyllum);  b,  Zomita 
occidenlolis,  a  cycad ;  c,  conifer,  branch  and  fruit ;  d,  branch  of  conifer.  (Afta 
Newberry.) 
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CHAPTER  XLH 

THE  JUItASSIC  SYSTEM 

The  formations  grouped  together  in  this  system  are  among  the 
most  widespread  and  interesting  in  Europe,  but  they  are  sparingly 
developed  in  North  America,  where  they  are  chiefly  represented  by 
continental  deposits  except  in  the  Cordilleran  and  Mexican  regions. 
The  study  of  these  formations  was  first  undertaken  in  England  by 
William  Smith  early  in  the  last  centuryj  when  he  established  the 
main  subdivisions,  the  Lias  and  the  several  Oolites.  The  fine 
development  of  the  rocks,  with  the  fossils  of  the  English  Odlites, 
in  the  Swiss  Jura  suggested  the  name  Jurassic  for  the  system,  a 
name  first  applied  by  Brongniart  and  von  Humboldt.  The  wonder- 
fully preserved  fossils  of  these  formations  are  found  in  many  parts 
of  France,  and  on  the  basis  of  their  vertical  distribution  the  French 
palaeontologist  Alcide  d'Orbigny  was  able  to  establish  a  tenfold 
division,  which  has  proved  more  or  less  applicable  to  other  coun- 
tries as  well.  The  names  of  these  divisions  are  largely  those  given 
to  the  English  beds  by  William  Smith  and  his  immediate  suc- 
cessors. In  Germany,  on  the  other  hand,  the  lithological  as  well  as 
faunal  characters  suggested  a  threefold  subdivision,  and  this  was 
applied  by  Leopold  von  Buch,  the  pupil  of  Werner,  who  also  intro- 
duced the  terms  Black,  Brown,  and  White  Jura,  from  the  prevail- 
ing colors  of  the  lower,  middle,  and  upper  divisions,  respectively. 
These  three  divisions  have  also  come  to  be  known  by  the  names  of 
Lias  (the  English  term  for  the  lower  division),  Dogger  (from  the 
presence  of  large  concretions  or  dogger-heads),  and  Malm^  terms 
still  in  very  general  use. 

The  finest  series  of  exposures  of  these  strata  are  seen  in  the 
Swabian  Alp  of  Germany  (Fig.  1617).  This  is  in  reality  a  great 
cuesta,  formed  by  the  resistant  Upper  Jurassic  limestones  (Malm) 
and  the  weaker  Middle  and  Lower  Jurassic  sands  and  clays  beneath, 
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The  front  of  tliis  cuesta  rises  nearly  a  thousand  feet  above  the 
lowlands  on  the  north,  and  the  many  sections  which  were  cut 
into  it  by  the  obsequent  and  other  streams,  and  by  the  railroads 


FlO.  1617.  — Sectioo  ot  the  Swabian  Alp  in  soutiem  Gennany,  »  typical 
locality  in  which  the  aubdivisioD  of  the  Jurassic  rocks  was  cairied  into  great 
detul  by  Quenstedt  ftnd  others,    (After  Haug.) 

and  highways  which  descend  oVer  it,  as  well  as  the  quarries,  fur- 
nished excellent  opportunities  for  the  study  of  these  rocks  and  the 
cdlections  of  their  fossils.  To  this  task  Friedrich  August  Quen- 
stedt (portrait,  Fig.  1618),  for  many  years  Professor  in  Tubingen 
University,  devoted  himself  with 
entraordinary  vigor,  and  he  de- 
scribed and  pictured  these  fossils 
in  a  series  of  great  monographs 
which  have  become  the  standard 
reference  works  for  later  investi- 
gators. Quenstedt's  achievements 
in  Jurassic  stratigraphy  and  pa- 
laontology  were  fittingly  recog- 
nized by  the  erection  of  a  monu- 
ment to  hia  memory  on  the  heights 
of  the  Swabian  Alp  from  whose 
stony  tablets  he  had  deciphered 
so  many  chapters  of  Jurasac 
history.  Quenstedt's  pupils  and 
their  pupils  after  them  continued  this  work,  not  only  in  Ger- 
many but  in  many  and  often  distant  regions  of  the  world,  until 
to-day  the  Jurassic  is  perhaps  better  known  than  any  other  Eomi- 
Ur  system  of  formations. 


Fic.  161B.  —  Friedmch  August 

QlfENSTEDT. 
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Subdivisions  of  the  Jusassic 

The  Jurassic  systan  readily  admits  of  a  threefold  division  as 
follows:  ^    Upper  or  White  Jura  or  Mahn. 

2.  Middle  or  Brown  Jura  or  Dogger. 
I.  Lower  or  Black  Jura  or  Lias. 

The  further  subdivisions  based  upon  the  French  and  English  de- 
velopment are  very  generally  used,  the  prindpal  ones  being  as 
follows : 

PurbecJuan 

Portlandian 

Kimmeridgian 

Lusitanian  or  Corallian 

Oxfordian^ 

Callovian 

Bathonian 

Bajodan 

{Aalenian 
Toaidan 
J  Domerian 
^^^^  \  PUcnsbachian 
r  Lotharingian 
Lower  <  Sinemurian 
[Hettangiaii 


Upper  Jurassic  or  Malm 


Middle  Jurassic  or  Dogger 


Lower  Jurassic  or  Lias 


The  Jinussic  of  North  America 

Marine  Jurassic  beds  are  found  in  North  America  in  the  Gulf 
region  (Texas,  Cuba,  Mexico),  in  the  Cordilleran  geosyncline,  and  to 
a  certain  extent  in  that  of  the  Cordilleran  Piedmont  basin  east  of 
the  ancient  Pala&ocordilleran  range  of  folded  Palaeozoic  rocks.  Con- 
tinental deposits,  of  late  Jurassic  or  Comanchean  age,  are  also 
foimd  in  the  Atlantic  coastal  region,  but  these  will  be  discussed 
in  connection  with  the  Comanchean  sediments  where  they  are 
more  generally  placed. 

Marine  Jurassic  of  the  Gulf  Region 

In  Jurassic  time  the  old  barrier  formed  by  the  land  mass  of 
Appalachia  had  become  broken  through  so  that  the  waters  of  the 
Atlantic  with  the  fauna  of  the  European  Jurassic  could  enter  into 

*  Used  here  in  the  restricted  sense,  the  Old  Lower  Oxford,  ije,  the  Qsfoid  Qay. 
The  Luaitamftn  or  Corallian  is  Upper  Oxford. 
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the  Gulf  of  Mexico  region.  Deposits  of  Jurassic  age  are  found 
in  western  Cuba  and  in  several  places  in  Mexico,  and  they  ex- 
tend northward  into  western  Texas.  Over  most  of  the  regions 
only  Upper  Jurassic  beds  are  known,  this  being  espedally  the  case 
in  Mexico  and  Texas,  but  in  Cuba  late  Middle  Jurassic  beds 


Fig.   1619.  —  Map  showing  the  outcrops  of  the  Jurassic  rocks  in  North 

America.    (After  Bailey  Willis.) 

(Oxfordian)  and  perhaps  older  beds  are  also  found,  while  in  Puebla 
and  Vera  Cruz,  black  and  yellow  clay-slates  with  Liassic  fossils 
occur,  followed  by  Upper  Jurassic  beds  with  apparently  a  hiatus 
between  them. 

The  overlaps  of  the  formations  in  Mexico  are  from  the  south- 
east, westward  and  northward,  indicating  a  transgression  of  the 
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arm  of  the  Atlantic  Ocean,  and  this  apparently  never  became 
confluent  with  the  waters  of  the  western  geosyndine  (map,  Fig. 
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Fio.  162a.  —  PdaogeogTBpbic  map  of  North  America  in  Neo-Jurassic  time, 
showing  the  dbtributioo  of  land  and  sea  (black).    (Origiiial.) 

i6ao).  Moreover,  the  faunas  of  the  Mexican  and  Cuban  de> 
.  po^ts  have  a  west  European  character,  while  those  of  the  western 
geosyncline  are  mostly  Asiatic  types. 


648  The  Jurassic  System 

Along  the  margin  of  this  eastern  sea,  in  the  lee  of  the  moimt^ns 
which  bounded  it  on  the  west,  gypsum  and  probably  salt  were  de- 
posited, especially  in  the  Texas  region.  It  is  not  improbable  that 
the  salt  from  which  the  salt  domes  of  the  Gulf  region  were  formed 
in  Tertiary  time  was  originally  deposited  by  this  Jurassic  sea. 

The  Jurassic  of  the  CordilUran  Piedmont  Basin 

The  Triassic  red  beds  of  northeastern  Arizona,  northwest  New 

Mexico,   Utah,  and  Colorado  are  generally  followed  by  white 

sandstones  which  often  show  the  characteristic  eolian  cros^-bedding 

in  a  most  wonderful  manner  and  are  apparently  consolidated 


Fig.  i6ii. — Detailed  view  of  cross-bedcUng  of  eolian  type  in  While  Cliff 
Sandstone  (Jurassic),  Colorado.    (H.  S.  Gale,  photo;  from  U.  S.  Geological 

Survey.) 

desert  sands  (pp.  453-457,  Pt.  I,  also  Figs.  1621-1622  a).  They  are 
of  such  striking  character  that  tbeir  outcrops  in  the  Grand  Cafion 
region  form  the  White  Cliff,  that  name  also  being  applied  to  the 
sandstone,  whereas  farther  north  in  Colorado,  etc.,  it  is  known  as 
the  La  Plata  sandstone.  Its  thickne^  in  the  southern  region  ranges 
up  to  2000  feet,  but  northward  it  becomes  thimier  and  is  oiJy  500 
feet  thick  in  southwestern  Colorado.  The  ancient  desert  area  over 
which  these  sands  were  distributed  was  nearly  equal  in  extent  to 
the  sandy  portion  of  the  modem  Libyan  desert  in  northeast  Africa, 
if  not  larger,  and  had  probably  very  much  the  character  of  that 
desert.  Where  this  sandstone  lies  upon  the  Triassic  red  beds 
(Dolores  or  Vermilion  Cliff  beds),  it  is  generally  separated  from 
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them  by  an  erosion  interval,  and  in  many  cases  a  considerable 
amount  of  the  older  fonnations  had  been  removed  before  these  sands 
were  deposited.  It  is  not  at  all  improbable  that  a  large  portion  of 
the  sands  was  derived  from  the  destruction  of  these  older  beds,  just 


Fig.  i6jj.  —  Cross-bedded  sandstone,  Little  Meadow  Gulch,  Utah.  (Gard- 
ner Collection  of  Photographs,  Harvard  University.  Courtesy  Geological 
Department.) 

as  the  sands  of  the  Libyan  desert  are  derived  from  the  destruction 
of  the  older  Nubian  sandstone,  a  part  of  which  is  still  preserved 
on  the  borders  of  the  Libyan  desert  and  other  districts  of  Egypt, 
Into  this  west  American  desert  of  Jurassic  time  the  sea  pene- 
trated from  the  northwest,  extending  as  far  south  as  the  high 
plateau  region  of  Utah,  where  the  eolian  sandstone  is  succeeded 
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by  about  jso  feet  of  fossiliferous  shales  with  limestone  beds  and 
here  aad  there  beds  of  gypsum  which  were  formed  in  marginal 
lagoons.  Northward  the  marine  series  is  thicker,  for  these  areas 
were  the  earlier  ones  to  suffer  invasion.    Thus  in  southwestern 


Fig.  1611  a,  —  Navajo  Church,  an  erosion  monument  cut  from  irhite  cross- 
bedded  Jurassic  saodstone  (Zuai  sandstone).  Northwestern  New  Mexico 
(U.  S.G.  S.). 

Wyoming  a  series  of  dark  calcareous  shales  and  shaly  limestones 
3500  to  3800  feet  thick,  with  some  sandstone  beds,  represents  the 
deposits  of  this  marine  inva^on  (Twin-Creek  formation),  but  is 
again  overlain  by  a  thick  series  of  red  beds  {Beckmth  formation), 
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in  part  of  Upper  Jurassic  and  in  part  of  Comancheaa  age.  These 
marine  Juras&ic  beds  are  recognized  on  both  sides  of  the  Rocky 
Mountain  Front  Range,  and  they  ex- 
tend as  far  east  as  the  Blaclt  Hills 
uplift  or  dome.  Both  this  and  the 
Front  Range  are  elevations  of  more 
recent  date.  In  many  sections  of  this 
region  the  Jurassic  and  older  as  welt 
as  younger  (Cretaceous)  strata  are 
strongly  folded  and  much  disturbed 
by  thrust  faults,  while  erosion  has  re- 
moved considerable  portions  of  them 
over  wide  areas. 

As   exposed  in   the  Front  Range 
region  of  Colorado,  the  marine  Ju- 
rassic series  consists  of  clays  and  sands     geosyndine.  Reduced  one-half, 
with  marine  fossils,  and  varies  from     '       ' 
iooto'150  feet  or  more  in  thickness  {Sundance  formation).     In 
the  Black  Hills  it  has  a  similar  character,  while  in  the  Big  Horn 


1613.  —  CampttmtcUt 
bcUiitrialui,  a  right  valve.  A 
t±aract eristic  pecten  of  the 
Upper  Jurassic  of  the  Colorado 


c     d 

FlO.  1614.  —  Jurassic  cephalopoda,  a,  b,  Bdemnila  dauiu.  Upper  Jurassic 
of  Cobradogeoayncline;  (ii,  external  view  of  guard ;  b,  longitudinal  section  of 
guard  showing  the  short,  septate  phragmocone  in  place  (X)));  c-t,  CardiKerai 
cordiforims,  side  and  front  views  (XI),  and  suture  enlarged,  Upper  Jurassic 
o(  the  Black  Hills  {Colorado  geosyndine). 
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Mountains  it  ranges  up  to  300  feet  in  thickness  and  has  some 
limestone  members.  Its  most  characteristic  fossils  are  Belemnites 
(B.  densuSy  Figs.  1624  a,  6),  pelecypods  {pryphaa  calceolay  G. 
nebraskensiSf  Camptonectes  beUistriaius,  Fig.  1623),  and  many 
species  of  Trigania,  five-sided  crinoid  stems  (Feniacrinus  astericus) 
and  ichthyosaurs.  In  British  Columbia  the  marine  Jurassic  is 
represented  by  1600  feet  of  black  shales  with  some  limestones 
and  sandstones  containing  characteristic  fossils  {Fernie  shales). 
Throughout  the  greater  part  of  the  basin  the  marine  Triassic 
strata  are  succeeded  by  the  Morrison  continental  formation, 
mostly  of  Comanchean  age,  derived  from  the  erosion  of  the 
Pala&ocordilleran  Mountains  and  spread  from  the  southwest  north- 
ward and  eastward.  This  formation  contains  the  remains  of 
dinosaurs  and  of  plants  and  fresh-water  invertebrates.  The 
original  area  over  which  this  series  of  sediments  was  spread 
as  a  continuous  sheet  was  probably  several  hundred  thousand 
square  miles,  but  from  many  thousands  of  square  miles  it 
has  been  eroded,  while  large  areas  of  it  are  covered  by  younger 
strata. . 

Jurassic  Deposits  of  the  CordiUeran  Geosyncline 

In  the  western  or  CordiUeran  geosyncline  we  find  the  only 
relatively  complete  marine  series  of  Jurassic  beds  which  is 
recognized  in  North  America.  The  Lias  is  represented  in  the 
Humboldt  range  of  western  Nevada,  where  it  consists  of  1500 
to  2000  feet  of  limestones  resting  upon  the  Star  Peak  group 
(Triassic)  and  followed  by  about  4000  feet  of  shales  of  latfer  Jurassic 
age.  In  northern  California  (TaylorviUe  region),  the  following 
succession  of  Jurassic  strata  is  recognized  in  descending  order. 

_.  J  Foreman  formation  (Kimmeridgian  (?)  to  Purbeckian) 

[  Hinchman  tuff  (Corallian) 50  to    500  feet 

Hiatus  * 

Bicknell  sandstone  (Callovian) 500  to  1000  feet 

Dogger  I  *  Hiatus 

Mormon  sandstone  (Upper  Bajocian)       ....      95  to    550  feet 
,  Thompson  limestone  (Lower  Bajocian)    .... 

-.  f  Hardgrave  sandstone 850  feet 

\  Trail  formation 2900  feet 

Disconformity 
TsiASSic.  —  Schwearinger  slates. 
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The  Trail  formation  of  Liassic  age  is  non-marine  and  contains 
remains  of  plants  and  Estheria.  It  consists  mostly  of  shales,  with 
some  sandstones  and  conglomerates  with  large  pebbles,  often  of 
volcanic  material  and  beds  of  tu£F.  The  Hardgrave  sandstone  is 
fossiliferous,  and  marks  the  transgression  of  the  sea  over  this  area 
in  uppet  Liassic  time.  The  succeeding  Thompson  limestone  and 
Mormon  sandstone  represent  the  Bajocian  of  Europe,  while  the 
Bicknell  sandstone  is  of  Callovian  age.  The  Bathonian  seems  to 
be  imrepresented,  as  is  also  the  Oxfordian,  probably  because  there 
are  breaks  in  the  series  at  these  horizons.  Of  the  Upper  Jurassic 
only  the  lowest  division  {Hinchman  tuff,  Corallian)  is  marine,  the 
remainder  of  the  series  bemg,  in  part  at  least,  a  non-marine  forma- 
tion {Foreman  beds)  with  plants  and  some  intercalated  beds  with 
marine  invertebrates.  These  northern  California  Jurassic  forma- 
tions were  apparently  deposited  near  the  western  border  of  the  geo- 
S3mcline,  and  this  accounts  for  their  prevailing  terrigenous  char- 
acter and  the  breaks  in  the  series.  In  this  section  the  beds  are 
often  red,  whereas  on  the  eastern  side  of  the  trough,  they  are  gray. 
This  suggests  the  prevalence  of  westerly  winds  at  the  time  of  depo- 
sition. In  the  Sierra  Nevada  range  the  Jurassic  beds  are  much 
metamorphosed  slates,  penetrated  by  gold-bearing  veins  {Mari- 
posa formation).  Their  age  is  Upper  Jurassic.  Similar  Jurassic 
beds  are  found  in  northwestern  Washington  and  farther  north. 

During  early  and  Mid- Jurassic  time  the  organisms  of  this 
sea  were  apparently  of  southern  or  warm-water  origin,  but  in  later 
Jurassic  time  the  northern  or  boreal  fauna  entered  this  region, 
and  a  small  assemblage  of  organisms,  in  which  the  pelecypod 
AuceUa  (Fig.  165 1)  was  well  represented,  appeared  in  these 
waters. 

The  greatest  development  of  Jurassic  strata  is,  however,  found 
in  Alaska,  where  they  rest  unconf ormably  upon  the  folded  and 
eroded  Triassic.  The  series  begins  with  tuffs  and  sandstones 
1000  feet  thick,  followed  and  overlapped  by  1500  to  2500  feet  of 
shales,  sandstones,  and  conglomerates  of  Middle  Jurassic  age 
{Enochkin  formation),  and  this  by  conglomerates,  arkose  sand- 
stones, and  shales  with  interstratified  andesite  flows,  the  whole 
being  about  5000  feet  thick.  Faunally  this  series  corresponds,  to 
the  California  formations.  In  northwestern  Alaska  the  Jurassic 
is  represented  by  a  vast  thickness  of  continental  beds  with  plant 
remains. 
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Marine  Jurassic  beds  are  found  in  a  number  of  Localities  in  the 
Andes  Mountains,  and  it  has  been  shown  that  this  region  was  a 
great  geosyndine,  the  eastern  boundary  of  which  was  some  dis- 
tance east  of  the  70th  meridian.  Its  western  boundary  was  formed 
by  a  land  mass  now  largely  buried  beneath  the  Pacific,  but  the 
eastern  border  was  in  part,  at  least,  east  of  the  present  western 
coast  of  South  America.  The  fossils  of  these  Jurassic  beds  indicate 
that  the  geosyndine  was  in  communication  with  the  Pacific,  for 
types  also  known  in  India  are  found  there.  There  may  also  have 
been  a  temporary  connection  with  the  Gulf  of  Mexico  embaymeat. 

The  JtiRASsic  of  Eitrofe 

Lower  Jurassic  or  Lias.  —  When  we  compare  the  map  of  Europe 
at  the  opening  of  the  Jurassic  with  that  of  the  greatest  sea- 
extension  in  Mid-Triassic  time,  we  find  an  essential  agreement 


Fic.  1625.  —  Pabeogeographic  map  of  Europe  in  early  JunsMC  (Uas^)  time, 
showing  the  distribution  of  land  and  sea  (black).     (OrigiDal.) 

in  the  general  character  and  extent  of  sea  and  land,  though  with 
some  marked  changes  brought  about  chiefly  by  the  eroave  ac- 
tivity in  late  Triassic  time.    One  of  these  was  the  ahnost  com- 
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plete  disappearance  of  the  Vindelician  Mountain  chain,  except 
for  a  series  of  long,  low  island-like  ridges.  Another  important 
change  seems  to  have  been  the  disappearance  of  the  northwest 
Russian  sea,  land  taking  its  place  (map,  Fig.  1625). 

In  the  main  or  eastern  Mediterranean  basin  (Tethys),  especially 
in  the  region  of  the  modem  Alps,  where  the  Triassic  was  represented 
by  great  limestone  deposits,  such  sedimentation  continued,  so  that 
Liassic  limestones  here  follow  upon  those  of  Triassic  age.  The 
sea,  which  had  been  transgressing  in  Rhastic  time,  continued  to 
advance,  submerging  a  part  of  the  Armorican  land  mass,  so  that 
much  of  France  was  beneath  the  same  sea  which  covered  a  great  part 
of  England  and  transgressed  far  to  the  north  on  each  side  of  Scot- 
land, leaving  that  country  in  the  form  of  a  southward  projecting 
peninsula  from  the  North  Atlantic  lands.  This  northern  sea  also 
covered  part  of  north  Germany,  extending  for  some  distance  east 
of  Berlin.  The  Balearic  basin  was  completely  filled  by  the  sea, 
which  was  in  communication  with  the  Atlantic  across  southern 
Spain  and  with  the  eastern  Mediterranean  through  the  Alpine 
region,  and,  finally,  with  the  northern  sea  through  the  Rhone- 
Rhine  depression.  Thus  in  both  the  northern  and  the  Balearic 
basins,  marine  Liassic  (and  often  the  Rhaetic  beneath  it)  rests 
upon  continental  Keuper,  whereas  in  the  main  Mediterranean 
basin  (Tethys),  marine  Liassic  follows  upon  marine  Triassic  beds. 

We  must  picture  to  ourselves  the  Mediterranean  Sea  as  trans- 
gressing northward  over  the  lowlands  of  North  Europe  which  were 
covered  by  Keuper  muds,  while  the  Atlantic  in  a  similar  manner 
transgressed  over  the  southwestern  basin.  Thus  while  the  sea  was 
clear  in  the  Alpine  region  and  in  France  and  elsewhere,  the  ex- 
tension over  north  Europe  was,  for  the  most  part,  a  shallow  muddy 
basin  in  which  comparatively  few  organisms  could  live.  The  mud 
may  have  been  in  part  the  accumulated  sediment  of  Triassic  time ; 
in  part  it  was  newly  supplied  by  the  rivers.  But  on  account  of 
the  extensive  decay  of  organic  matter,  so  characteristic  of  stagnant 
water  bodies,  the  mud-rocks  which  were  formed  are  in  most  cases 
dark  or  even  black  and  highly  bituminous. 

Alternating  with  these  bitvuninous  beds  are  heavy  bedded 
sandstones  and  some  thin  limestones,  and  these  usually  contain 
many  ammonite  shells,  some  of  them  reaching  the  extreme 
diameter  of  five  or  six  feet.  Li  the  bituminous  shales  the  wonder- 
fully preserved  remains  of  marine  saurians  {Ichthyosaurus y  Fig. 
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1629,  etc.)  are  found,  two  famous  localities  for  these  fossils  being 
Lyme  Regis  in  southern  England  and  Hohunaden  near  Stuttgart 
in  Wlirttemberg.     By  the  most  careful  and  painstaking  removal 
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Fio.  1636.  —  Quarry  in  the  Posidonia  slates  of  the  upper  Lias,  at  Holzmaden 
in  WUrttemberg,  Bavaria.  The  quarry  is  only  7  meters  in  depth,  the  sl&bs 
quarried  are  20  cm.  in  thickness  and  represent  the  bedding  oi  the  series.  The 
left  nail  of  the  quarry  is  a  natural  joint,  the  right  side  is  made  oi  discarded 
fngments.  At  the  point  marked  +  on  the  rear  wall  the  specimen  represented 
in  the  succeeding  figures  was  found.  In  1911,  more  than  35  such  quarries  were 
En  operation  in  this  region.  These  furnish  during  the  year  about  100  specimens 
of  saurians  of  which  on  the  average  only  lo  are  sufficiently  perfect  to  warrant 
preparation.     (Photo  by  courtesy  of  Bernard  Haufi   Holzmaden-Teck.) 

of  the  rock  matrix,  these  reptile  remains  are  uncovered  and  the 
specimens  thus  obtained  have  enriched  the  museimis  of  the  world 
(Figs,  i6;6-i63o). 
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It  has  been  held  that  these  animals  died  in  stagnant  seas  of 
the  Black  Sea  type,  and  that  their  bodies  settled  to  the  twttom 
and  were  buried  by  the  fine  mud  accumulating  there.    It  may 


Fig.  1637.  —  Slab  of  slate  containing  an  IcMyosa 
immediately  after  removal  from  the  ciuarry.  The  tail  end,  0.6  m.  long,  is  still 
in  the  quairy  at  the  point  marked  +  (Fig,  i6a6).  [Photo  by  courtesy  of 
Bemud  Hauff,  Holzmaden-Teck.) 

be  doubted,  however,  if  any  part  of  the  Liassic  sea  was  a  deep 
basin  like  that  of  the  Black  Sea.  Indeed,  the  heavy  sandstones 
testify  to  the  contrary.     It  seems  more  likely  that  these  reptiles 


Pig.  161S,  —  Photograph  of  the  same  slab  shown  b  Fig.  1G37  after  partial 
removal  of  the  surface  and  exposure  of  the  Ichlhyosawtu  {j.5  meters  in 
length).    (Photo  by  courtesy  of  Bernard  Hau9,  Holzmaden-Teck.) 
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were  stranded  on  mud  flats  or  in  shallow  lagoons  where  their  bodies 
sank  into  the  soft  mud  which  enclosed  and  preserved  them.  Much 
wood  is  also  found  in  the  deposits,  and  this  has  often  been  changed, 


Fic.  1610.  —  The  same  Ichthyosaurui  skeleton,  3.5  meters  long,  shown  in 
the  preceding  views,  after  con^>1ete  preparation  and  mounting.  (Photo  by 
courlMy  of  Bernard  Hauff.) 

in  part,  at  least,  to  the  mineral  jet.  Jet  is  found  abundantly  in 
the  difFs  of  Liassic  sandstones  and  shales  which  face  the  North 
Sea  near  the  ancient  town  of  Whitby  in  England  (Fig.  392, 
.p.  350,  Pt,  I),  and  here,  too,  many  of  the  ammonites  of  the  Lias 


Fig.  1630.  —  Palxonto1o(;ical  Laboratory  of  Bernard  Hauff  in  Halanaden- 
Teck,  Wiirttemberg.    Mr.  HaufF  is  engaged  in  the  preparation  of  the  skuU  of 

Ichthyosaurui  ingens.     190Q. 

may  be  obtained.  These  are  again  found  in  great  variety  and 
perfection  in  the  outcrop  of  Liassic  strata  near  Stuttgart  in 
Wiirttemberg.  In  some  sections  of  north  Germany  the  Lias  is 
coal-bearing. 
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Middle  Jorastic  or  Dogger.  —  The  Liassic  transgression  came 
to  an  end  by  the  partial  emergence,  in  mid-Jurassic  time,  of  many 
parts  of  northwestern  Europe,  and  the  erosion  of  formations 
previously  deposited.  Elsewhere,  as  in  northeastern  England, 
estuarine  and  fresh-water  conditions  came  into  existence,  and 
coal  deports  were  formed  in  some  sections  (Scotland).  In 
southern  England  eolian  rocks,  partly  oolitic  and  partly  of  broken 
shells,  etc.,  formed  the  first  of  the  great  OStite  series  which  char- 
acterize the  Middle  and  Upper  Jurassic  of  that  country  (Fig.  1631, 


Fic.  1631.  — Oslitic  niiUepore  limestone,  showing  the  characteristic  cross- 
bedding  of  some  of  the  JurE»sic  Oslites  of  England.  Ions-Nab,  south  of  Scar- 
borough, England.     (M.  I.  Goldman,  photo.) 

see  also  Figs.  7190,  b,  pp.  812,  813,  Ft.  I).  In  southern  France, 
on  the  other  hand,  limestones  continued  to  be  deposited,  while  m 
Luxemburg  and  southern  Germany  sands  with  iron  oSlites 
acomiulated.  It  is  these  iron  oolites  which  have  generally  stained 
the  Dogger  sandstones  an  ochery  color,  on  which  account  the  mime 
Brown  Jura  has  been  applied  to  the  series. 

The  Middle  Jurassic  period  may  be  summarized  as  one  of  os- 
cillatory conditions  with  partial  emergence  of  some  of  the  old  land 
masses  (central  France,  Bohemia,  British  Isles),  so  that  many 
local  breaks  in  the  succession  of  deposits  are  found  in  the  neighbor- 
hood of  these  masses,  while  elsewhere  shallow  sea,  estuarine,  and 
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continental  deposits  were  forming.  In  other  regions  again,  there 
was  an  advance  of  tbe  Dogger  seas,  so  that  lands  were  flooded  which 
during  Liassic  time  were  dry  (Fig.  1632).  This  transgression  ex- 
tended widely  over  Germany  and  Russia,  especially  in  later  Dogger 
time  (Callovian)  when  the  North  Sea  basin  again  became  confluent . 
with  the  north  Russian  sea  across  north  Germany.  The  shoal- 
ing or  emerging  conditions  were  favorable  for  the  formation  of 
iron  ores,  probably  in  laige  part  as  bog  iron  ore,  though  some  of  the 
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Fig.  1631.  —  Unconformable  contact  between  the  horizontal  Jiitas^  (Lower 
Oalite)  deposits  and  the  steeply  inclined  Ordovician  beds  (sandstone  of  May). 
At  May  (Calvados),  France,     (.\fter  Uaug.) 

mineral  was  no  doubt  precipitated  from  iron  solution  brought  into 
the  sea. 

Upper  Jurassic  or  Malm.  —  With  the  opening  of  Upper  Jurassic 
time,  the  seas  over  Europe  again  began  to  transgress  as  they  did 
over  North  America.  This  resulted  in  widespread  deposition  of 
Upper  Jurassic  rocks  which  are  calcareous  over  large  areas.  Corals 
grew  in  abundance  in  these  waters,  even  in  England,  where  their 
presence  in  great  coral  banks  has  given  rise  to  the  name  Corallian 
for  the  lower  subdivision  of  the  Malm.  The  maximum  trans- 
gression occurred  in  Kimmeridgian  time  when  the  sea  spread  far 
and  wide  over  Europe,  so  that  in  many  sections  the  series  begins 
with  this  division. 
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The  Upper  Jurassic  limestoDes  are  finely  exposed  in  the  great 
limestone  cliff  which  extends  across  southern  Germany  and  is 


FlO  1633  —  Sponge  reet  in  the  Lower  White  Jura  of  Swabia  R  stnicture- 
lesa  reef  Uinestone;  a,  ff,  y,  associated  bedded  limeatone  of  the  White  Jun; 
S,  talus.     (After  E.  Fnuu,  from  Priyuipl-s  of  StraUgraphy.) 

known  as  the  Swabian  Alp.  This  is  an  erosion  remnant  (cuesta), 
as  already  noted,  formed  by  the  removal  of  the  former  northward 
extent  of  these  strata.  Examinations  of  this  limestone  show  that 
in  the  lower  part 
tl^ere  are  many  large 
reef-like  masses  com- 
posed chiefly  of  the 
remains  of  sponges, 
some  of  which  are 
preserved  with  won- 
derful perfection  of 
detail  {Fig.  1633). 
In  the  higher  di- 
visions of  this  series 
other  reefs,  largely 
composed  of  shells 
iDiceras,  Fig.  1634) 
and  calcareous  algae 


Fig.  1634.  — Dicerai  arUlinum.    A  peculiar  pelecy- 
c  of  the  reef 


are    found,    and    in     ^  ^^^  ^^^^  ^^^^^_  charac.erL... 

the  lagoons  between     lacies  of  the  Upper  Jurassic  (Malm). 

these  reefs  very  fine 

lime  muds  were  accumulating  in  beds  up  to  6  inches  or  more  in 

thickness  (Figs.   1635  a-c).     These  are  the  famous  lithographic 
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Fio.  16350.  —  Section  of  &  lagoon  in  the  Jurassic  ree(*rock  of  Solnhofen, 
showing  the  formation  of  the  fine-grained  lithographic  limestone.  (After 
Walther;  from  Frinci$hs  0}  SO-aligrapky.) 


Fig,  16356.  — Section  through  the  Jurassic  reefs  of  the  Altmtlhl  in  the 
Pappenfaeim-Eichstjidt  region  near  Solnhofen,  Bavaiia,  showing  the  structure- 
less reef-rock  and  the  thin-bedded  platy  limestones  of  lagoon  origin,  lying  in 
depression!  of  this  rock.    (After  Walther;  from  Principtet  of  Siralipapiy.) 


Fig.  1635  c.  —  Reef-rock  (Franken  dolomite,  Jurassic)  of  Kelheim,  Bavaria. 
The  thin-bedded  "  Platlen  Kalke"  are  shown  by  horizontal  lines;  the  reef-rock 
is  structureless;  in  the  upper  left  hand  of  the  section  the  strata  show  dbtortion 
due  to  gliding  deformation.     {After  Walther ;  from  Principks  of  SltaUgrapky.) 


Fio.  1636  —  A  hor^-shoe  crab  (ZimuJiu)  and  the  marks  of  its  death  struggle, 
showing  that  it  »as  left  stranded  on  the  mud  which  formed  the  Jurassic  Idgoon 
deposits  of  Solnhofen.    (.\fler  Walther;  from  PrindpUs  of  Slratitrapky.) 
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limestones  quarried  at  Solnhofen  (Fig,  475,  p.  572,  Pt.  I)  and  else- 
where in  Bavaria,  and  formerly  sent  to  all  parts  of  the  world  where 
lithographic  work  was  done.    In  the  more  argillaceous  beds,  which 


separate  the  usable  layers  and  which,  because  of  the  thin  sheets 
into  which  they  split,  are  much  used  for  roofing  purposes,  the 
remains  of  both  marine  and  land  animals  are  found,  preserved 
often  in  the  most  wonderful  perfection  {Fig.  1636,  see  also  Fig. 


Fic.  163S.  —  Restoration  (reduced)  of  RhampkorhytKlnii  phylluna,  from  the 
lithographic  limestone  series  (interbedded  platy  beds)  of  Solnhofen,  Bavarift. 

(After  Marsh.) 

937,  p.  150).  The  land  animals  are  all  of  types  which  could  fly, 
and  which  were  at  home  elsewhere.  Among  them  are  dragon-flies 
with  their  wings  fully  spread  (Fig.  1637).  Here  too  are  found  the 
remains  of  flying  reptiles  {Rhamphorhynchus,  etc..  Fig.  r638)  and 
those  of  the  oldest  known  bird,  the  Archaopteryx,  of  which,  how- 
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Fig.   i63g, — Arthaopteryx  lilhographica,  from  the  lithographic  limestone 
series  of  the  Solnhof  en  region,  Bavaria.     Specimen  in  Berlin  Museum.     Re- 
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ever,  only  two  specimens  are  eztaat  (Fig.  1639).  These  animals 
came  from  the  not  very  distant  lands  to  the  north,  fell  ex- 
hausted upon  the  mud  flats  exposed  at  low  tide,  and  became 


'M*i  bad!  of  Iba  lawtr 


buried  by  fine  sediments  as  the  flats  were  again  covered  by  the 
rismg  tide. 

Toward  the  close  of  the  Jurassic,  emergfence  again  took  place. 
Forests  began  to  grow  where  formerly  the  sea  waves  rolled,  and 
rivers  began  to  spread  out  their  sediments.    The  Purbedt  beds  of 


FlO.  1641.  —  Gorge  of  the  Ardiche,  near  Ruoms,  France,  cut  in  the  Jurassic 

(upper  Otilite),  limestones.     (After  Haug.) 

England  contain  several  old  forest  soils  with  tree  slumps  still 
standing  and  buried  in  fresh-water  muds  and  limestone  of  later 
Jurassic  age  (Fig.  1640).  These  muds  also  contain  the  remains 
of  fresh-water  Mollusca  {Unio,   Vivipara,  Planorbis,  etc.,  Figs. 
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77if  773r  PP-  5ii  53).  of  fish,  crocodiles,  turtles,  and  dinosaurs, 
while  the  presence  of  an  occasional  oyster  bed  indicates  tem- 
porary returns  of  the  sea.  Similar  emergent  conditions  with 
the  deposition  of  continental  sediments  are  found  in.  north 
Germany.    In  the  Mediterranean  basin,  however,  and  over  wide 


Fig.  1643. 


areas  of  Russia,  continuous  deposition  of  calcareous  beds  was 
going  on  throughout  late  Upper  Jurassic  time  (Figs.  1641,  1642), 
and  this  continued  apparently  without  break  into  the  Lower 
Cretaceous  (Comanchean).  Thus  what  are  believed  to  be  con- 
tinuous or  transition  formations  were  formed  {Titkonian  fotmatioD 
of  the  Alps,  VlApan  formation  of  Russia). 

The  Juhassic  of  Other  Codntkies 
Ada.  —  Marine  Jurassic  deposits  are  found  in  Siberia,  where 
the  Upper  Jurassic  sea  transgressed  over  the  plains  of  the  Siberian 
basin,  covering  vast  areas.  These  deposits  enclose  shells  of  the 
pelecypod  AuceUa  (Fig.  1651)  and  the  cephalopod  BdemnUes 
(Fig.  1673),  together  witi  other  forms  which  constitute  an  es- 
sentially distinct  and  apparently  cool  water  type  of  life.  This 
was  the  Boreal  or  Russian  fauna  which,  we  have  seen,  also  entered 
the  waters  of  western  North  America.  During  Liassic  time,  how- 
ever, a  large  part  of  northern  Asia  was  the  site  of  continental  sedi- 
mentation and  the  formation  of  extensive  coal  deposits.  These 
are  known  from  the  Altai  Mountains,  southern  Mongolia  and 
north  China,  Manchuria,  and  Shantung.  In  the  extreme  north 
(Lena  River),  east  (Japan),  south  (Timor,  Rotti,  Borneo),  and 
southwest   (Persia,   Caucasus,   Anatolia),   however,   the   Lias   is 
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lepresented  by  marme  formations.  Middle  and  Upper  Jurassic 
beds  are  well  developed  in  India  (beginning  with  Bathonian), 
these  beds  including  many  European  species  of  fossils.  They 
are  also  found  in  the  Caucasus,  in  Syria,  and  again  in  Japan  and 
elsewhere. 

Australia,  «tc.  —  Marine  Lias  is  found  in  New  Zealand,  and 
Middle  Jurassic  beds  occur  in  western  Australia.  In  the  interior, 
coal-bearing  continental  deposits  were  formed  at  this  time. 

Africa.  —  North  Africa  belonged  to  the  Balearic  and  Mediter- 
ranean ba^s,  and  partook  to  some  extent  of  their  deposits. 
Marine  deposits  of  middle  and  late  Jurassic  age  are  also  found  on 
the  eastern  and  southern  coasts  and  on  western  Madagascar. 


Chakactekistic  Fossils  of  the  Jurassic 

PkntB.  —  Tlte  most  important  and  widespread  types  of  Jurassic  land  plants 
are  cycads  (ZamiUs,  Podmamites,  etc.,  Fig.  815,  p.  84) ;  other  types  of  land 
plants  belong  to  the  equisetisE,  the  fems,  and  the  conifers.  On  the  whole  the 
flora  is  closely  related  to  that  of  the  Rhxtic  and  continuous  with  little  change 

o  the  ComaDchean. 


Fig.  1643  a-  —  a  JurasMC  sponge  (Uthistida) , 
Ctiemidiastrium  rimidoium.  Upper  Jurassic 
(Kimmeridge.)    Europe. 


Fic.  1G43  A.— Isolated 
spicular  bodies  of  a  Jurassic 
Vicious  sponge  (Litbistida), 
Epulomdla  clivosa.  White 
Jura. 


Uaiine  Invertebnites,  — Sponges  are  very  abundant  in  the  European 
Upper  Jurassic,  where  they  are  often  reef -building.  They  include  most  fre- 
quently Lithistid  (Citemidiaslrivm,  EpistctneUa,  Fig.  1643  a,  b)  and  Heiactinellid 
types  (CratUidaria).  ConUfl  also  abound,  especially  b  the  European  Upper 
Jurassic,  where  compound  reef -building  types  predombate  {Tkanttaskaa,  Fig. 
1644;  Izastraa,  Fig,  1645;  ThecosotUia,  Fi^-  1646,  etc),  forms  already  repre- 
sented in  the  Triassic,  as  is  also  the  single  coial  Montlivaultia  (Fig.  1647). 
Brachiopods  are  represented  by  only  a  few  generic  types,  among  which 
RhynchontUa  {Fig.  1648  a,  b)  and  Terebraluta  (Fig.  1649)  are  the  most  charac- 
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Fig.  1644.  —  Tkamnaslraa  prolffera,  a  cbaroctemtic  coraJ  of  the  Upper 
Jura  (Malm).  A,  compound  corallum.  two-thirds  natural  size;  u,  epitheca; 
B,  lateral  view  (section)  of  two  adjoining  septa  of  neighborii»g  corallites  (X3) ; 
m,  junction  point  of  septa;  t,  trabecuhe;  p,  pores.     (After  Stdnmann.) 


Fio.  164s  —Isastrao  keluuillivides.  FlO.  1646  —Tkaesmilia Irichetoma. 

Upper  Jurassic  (Tithonian)  of        Upper  Jurassic  (Tithonian)  of 
Europe.  Europe. 


Fig.   t64a  a.  — Khynckondla  qiud- 
Fio,  1647. — MontlivaviUa  caryapkyl-       riplkala.     Brown  Jura,    WOrttero- 

Uta.     (After  d'Orbigny.)  berg. 
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teristic.  One  of  the  most  striking  forms  of  the  Upper  Jurassic  is  Terebralula  ' 
dipkya  (Fig.  165a)  which  is  deeply  (prided  along  the  middle,  and  reunited 
at  the  base,  so  that  the  shell  is  characterized  by  a  hole  tlirough  the  center. 
Among  Pelecypods  the  remaikabte  curved  Gryphaa  (G.  arcuaia,  etc.,  Fig. 


Fig.  1649.  —  Terebrattda  pkiitipsi, 
i6^8b.  —  Skynchondia  lacu-  a  Middle  Jurassic  brachiopod  from 
nCeriorof  brachial  valve.  Upper  Switzerland.  (From  ZiCtel,  Gntnd- 
ic  of  central  Europe.  tUgt-) 


Fig.   1650.  —  TertbratuUi  (.Pygope) 
di>ftyd  (slightly  reduced).     U[^r  Ju-  Fic.    1651.  —  Aueella 

rassic  (Tithonian)  of  Europe,  etc.  Upper  Jurassic  {Tithonian)  of  Europe. 


Fig.  1652.— Gryphaa  arc 
(slightly  reduced).  Lower  Jur 
(Liasuc)  of  Eurc^. 


Fig.  1653-  —Ofni  foidfustiotM.    Up- 
per J^urassic  (Tithonian)  of  Europe. 
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1653)  is  especially  characteristic  of  tlie  Lower,  while  Aucdla  (fig.  1651), 
Ofiii  (Fig.  1653),  and  the  remarkable  Dkerai,  with  both  valves  spinlly 
twisted  (Fig.  1634),  characterize  the  Upper  Jurassic.  Trigonia  (fig.  1654) 
and  plicated  oysteis  (Fig.  i6js)  are  very  characteristic  forms.    Gastropod!, 


Fig.  1654.  —  Tngotua  navis  (re- 
duced), Middle  Jurasdc  (Dogger)  of 


—Ostna  marski  (reduced), 
rassic  (Dogger)  of  Eun^. 


Nerinea  tubtrcu- 

shetl    showing 

bngitudinal  section 
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too,  are  numerous,  aod  amoog  them  the  genera  PUurolomaria,  Pleroceras 
(Fig.  i6j6),  and  Nerinea  (Fif;.  1657  a,  b)  are  very  characteristic,  the  last 
espedally  bemg  very  abundant  in  the  Middle  Jurassic  beds.    But  by  far 


tfVVvH' 


the  most  important  index  fossils  are  the  Ammonltu,  of  Which  an  astounding 
number  of  genera  and  species  has  become  known  from  the  Jurassic,  where 
.tlus  group  was  at  the  height  of  its  development.  Most  characteristic  of 
the  Lias  are  the  round  or  angular  whorled,  scarcely  embracing  (evolute),  simply 
ribbed  genera,  such  as  PsUoceras  (Fig.  165S,  smooth  01  with  very  fine  ribs), 


Fig.  1659.  —Ammmiks  (ScUot- 
keimia),     rin{iJato,    lower    Lias,        Fig.  1660.  —  Ammotiiles  (Mfecerta)  ca- 
Wllrttemberg.  prieamil,  middle  Lias,  WUrttemberg. 

Schhlhamia  (Fig.  1639,  with  strong  ribs  interrupted  by  a  furrow  on  the  ventral 
orouter  side),  Mgoceras  (Fig.  1660,  with  ribs  flattened  on  venter),  Arieiila 
(Fig.  1661,  with  ribs  interrupted  by  strong  keel  bounded  by  furrows),  and 
Hildoceras  (Fig.  1661,  with  additional  lateral  grooves).    Of  the  types  with 
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Fig.     1661.  — ,4rirfi(M     bucktandi  FiG.     i66».  —  Barpeceras     {nild»- 

{X-^),  Lower  Juraisic  (IJassic)  of     certu)  bifrons  (X^),  Lower  Jurassic 
Europe.  (LUsmc)  of  Europe. 


Fig     ibdj  —  AmaUheus    mar-      Tia  \(i(n  —  FarkiTUonto  paTkttumt{y.\i), 
gariiatu   (X^),    Lower  Jurassic  Middle  Jurassic  (Dogger)  of  Europe. 

(Liassic)  of  Europe. 


Fig.  t66$.—Slepkanoceraslilagdeni(X^),  Middle  Jurassic  (Dogger),  Europe. 
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btenlly  compressed  and  more  deeply  involute  whorU,  the  genera  Amatliiais 
(Fig.  1663),  with  its  rope-like  keel,  and  Phylloceras  (Fig.  905,  p.  134),  smooth, 
with  leaf-like  sutures,   are  most  choiactetistic.    The  most   typical   Middle 


Fio.  1666.— ^mBKHiaw  (Mi 


Juras»c  genera  are  ParkituoHta  (Fig.  1664,  with  bifuicating  ribs  interrupted  by 
a  pronounced  groove  on  the  veoter),  Slefhanoctros  (Fig.  1665,  vertically  com- 
pressed with  strong  bifurcating  or  trifHrcating  ribs  which  cross  the  venter  and 
are  olten  spinose),  MacroctpkalUts  (Fig.  1666,  thick,  dose-coiled  forms  with 
1  fine,  often  dividing  ribs),  and  Cosmoceras  (Rg.  1667,  with  dividing 


Fio.  1667.  —  Cotmoccros  omaium,  Fic.  1668.  —  PerispkincUi  Httani, 
Middle  Jurassic  (IDogger)  of  Europe.         Uppier  Jurassic  (Malm)  of  Europe. 

and  strongly-noded  ribs,  interrupted  by  a  furrow  at  the  venter).  Character- 
istic of  the  Upper  Jurassic  are  Periipkintles  (Pig.  166S,  open-whorled  with  ribs 
regularly  bi-  or  trifurcating  on  the  ventral  side),  Opptlia  (Fig,  1670,  laterally' 


674  The  Jurassic  System 

compressed,  deeply  involute,  mostly  with  faint  ribs),  Aspidoceras  (Fig.  1671, 
opeD-coiled  with  few  coarse  ribs  strongly  spinose),  and  the  rather  dose- 
coiled  VirgatiUs  (Fig.  1671)  with  numerous  buudies  of  ribs,  which  is  especially 
characteristic  of  the  boreal  Jurassic.  There  are,  of  course,  many  other  less 
readily  characterized  forms,  all  of  them  having  highly  complex  ammonite 

Another  very  important  group  of  cephalopods  of  the  Jurassic  is  that  of  the 
Belemnites,  of  which  the  cigar-shaped  calcareous  guard  is  roost  generally 
preserved,  showing,  when  complete,  the  deep  apical  depression  in  whkh  the 


Fig.  1669.  —  Idoceras  soMoi,  a  charactertstic  Fig.   1670.  —  Oppelia 

Middle    Jurassic    ammonite    of   Mexico,   etc.      ttnuilobata.     Upper  Juras- 
(After  O'Connell.)  sic  (Malm)  of  Europe. 


Fig.  liji.—Ammtmites  (Aspidocerai) 
^ormalutn, about  i  natural  size,     Ju-     Fio.   i6ji  — VtrgaUUt  t™,. 
rassic  (Oifordian)  Europe.  rassic  (Tithonian) 
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conical-chunbered  shell  is  nonnally  situated.  These  forms  vary  greatly  in 
tltape  and  in  size,  some  species  reaching  a  length  of  ft  meter.  A  number  of 
these  types  are  shown  in  Figure  1673. 


Fig.  1673.  —  JurasMC  Beleninites.  a,  BeUmnitts  semihattalus  QuensL, 
Brown  Jura  (f);  ft,  B.  canalicutatus  Schloth.,  Brown  Jura  (i);  c.B.giganieia 
Schlolb.,  Brown  Jura  (fi) ;  d,  B.  brcvU  Blainv.,  Lias  (n) ;  e,  B.  lithonicM  0pp., 
Tithonian;  /,  B.  claealus  Blainv..  Lias  (y);  g,  B,  acuarius-tuhularis  Blainv., 
lias  {«).     (From  Haas'  LeitfossUitn.) 

The  Cnistace&  have  very  much  the  modem  appearance,  with  lobsterlike 
types  predominating  (Figs.  1674,  167s)-  "^be  EcbinodMms,  finally,  are  repre- 
sented by  Peniacrinus   (Fig.  1676)   with  five-lobed  stem  joints  marked  by 


Flc.i674- — A  Jurassic  lobster,  &>iwor£(i/iiri»w,  dorsal  aspect  {After  d'Ortagny.) 


Fig.  1675. — Eryon  propinquus,  Jurassic  (Malm)  Solnhofen.  Ventral  view; 
kb,  Cephalothorax ;  oA,  abdomen;  s,  caudal  fin;  1,  telson;  ok,  swinuoing 
appendagesof  the  igth  segment;  i~io.  body  segments;  ojOi.anteniue;  j\-ft,iha- 
racic  (walking)  le^s;  r,rostrum;  icA,  scale  of  the  second  antenna;  i,  lobes  of 
carapace;  s',  pincers  of  first  pair  of  thoracic  legs;  m,  moutb.     (From  Stciit' 


n-) 
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s  root-like  cirrhi,  and  with  frequently  divided  anns; 
(Fig- 1677)  with  round  stem- joints  gradually  enlarging  to  the  full  s 
by  a  small  floating  crinoid,  Saccocoma  (Fig.  167S),  which 
occurs  in  great  Aunbera  on  Ihe  thin  platy  layets  of  the 
Solnbofen  lagoon  deposits,  and  by  numerous  sea  urchins, 
especially  the  regular  Cidtiris  (Pig.  1679)  with 
club-sbaped  spines  (Fig.  958  a,  b,  pp.  163,  r64). 


by  Apiocrmut 
le  of  the  calyx; 


Fio.  1676. 
and  part  of 
joints.    (Afti 


—  PenlaeriHus  fasciculesui,  calyx  with  a 
item,  lateral  and  summit  view 
d'Orbigny.) 


I    shortened.)   (After 
d'Orlugny.) 
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Fig.  1G7Q.  — Cidaris cartrnala.     Upper  Juraasic(Kinui)eridgiai)),  WfUttemberK. 
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fniiifli.  -^  These  are  numerous,  about  1000  species  being  known.  They 
uc  of  the  modem  types,  though  of  course  of  distinct  geoen.  Dragon-flies 
(Fig.  1637)  knd  beetles  were  abundant,  but  true  butterfiiea  were  as  yet  nre 
or  muting.    Other  types  included  cicadas,  grasshoppers,  locusts,  cockroaches. 


■^5^  ?  ■^yff^'^ 


Fio.  16S0.  ~  Ltpidotus  notopUrus  ( X-^),  a  Jurassic  ganoid  fish. 

ants,  and  tenuites.  The  species  of  the  Lias  were  generally  small  and  have 
been  regarded  as  dwarfed  forms  due  to  coolness  of  climate,  but  in  later  Juraasic 
time  they  were  lat^,  though  not  reaching  the  size  of  the  Palsoioic  types. 

Vsrtefatatea.  —  Rsh  were  abundant  in  the  Jurassic  seas  and  probably  also 
in  the  rivers.  They  included  even-tailed  ganoids  (Fig.  1680),  ihaAs,  rays, 
<Fig.  1681)  and  numerous  bony  fishes  (teleosts).  ReptHes  were,  however,  the 
most  abundant  and  diversified  of  the  vertebrates.  These  included  the  marine 
IMtyosaunu  (Ftg.  iGig)  and  PUsiciaunu  (Fig.  t68l),  the  aErial  pteroaaun 


Fio.  1681.  —RMnobalh  mirabilis  (male,  -^  natural  size).    Uppermost  Jurassic 
(Lithographic  limestone),  EicfasUltt,  Bavaria. 


(PlerodMlylHS,  Fig.  1683;  RkampliorhyiKhus,  Fig.  1638),  numerous  turtles 
(Fig.  1684),  crocodiles  {Myilriosaurui;  Tckoiaurus,  Fig.  1784),  and  e^)ecially 
the  tcmsliial  dinosaurs,  which  reached  their  greatest  modification  in  fonn  and 
their  most  gigantic  size  toward  the  close  of  the  Jurassic  or  in  early  Comanchean 
time.  These  will  be  more  fully  considered  in  Chapter  XLIV.  Most  remark- 
able, too,  are  the  remains  of  the  earliest  known  Bird,  Arckaoptayx  (Fig.  i6.ig), 
from  the  lithographic  rocks  of  the  Solnbofeo  region  in  Bavaria.  This  bird 
Still  retained  many  reptilian  characters,  such  as  the  long  vertebrated  tail,  the 
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well-developed  teeth,  etc. 
rence  of  small  piimitive 
birds,  are  of  rare  types. 


182.  —  PkHosaurus 
dolkhodeirus  Conyb.,  L.  Lias, 
England.  A ,  vential  aspect  of 
skeleton  (X-jij);  fl,  skull  from 
above  (Xj).  A,  eye  socket; 
i,  abdominal  ribs;  i:,coTacoid; 
/,  femur;  fi,  fibula;  h,  hu- 
merus; i,  ischium;  p,  pubis; 
r,  radius;  j,  precoracoid; 
(,  tibia;  B.ulna.  (After  Stein- 
mann.) 


further  Chapter  XLIV.)     Finally,  the  ocoir- 
should  be  noted,  though  these,  like  the 


MOUNTAm-UAEING     AT     THE     ClOSB 
OF   THE   JbSASSIC 

Tectonic  disturbances  affected  the 
Triassic  rocl^  of  eastern  North 
America  during  and  toward  the  close 
of  the  Jurassic,  and  produced  an  ex- 
tensive series  of  faults  which  dislo- 
cated these  strata,  but  gave  rise  to 
no  great  mountain  chains.  Subse- 
quent erosion  removed  the  upfaulted 
blocks,  preserving  only  the  depressed 
ones  in  a  series  of  isolated  areas. 
More  pronounced  disturbances,  how- 
ever, took  place  in  western  North 
America,  where  the  Triassic  and  Ju- 
rassic formations  of  the  Cordilleran 
geosyncUne  were  folded  into  the  Cor- 
dilleran Mountain  ranges,  of  which 
the  Sierra  Nevadas  are  a  remnant, 
though  these  were  upUfted  again  in 
a  later  period.  Not  all  of  the  strata 
of  the  geosyncline  were  folded.  Some, 
like  those  of  the  Hiunboldt  Moun- 
tains of  Nevada,  suffered  oiJy  bodily 
uplift.  The  Palieocordilleran  ranges 
had,  by  this  time,  become  much 
eroded.  Indeed,  they  may  have  been 
largely  peneplaned,  but  the  basin  to 
the  east  of  them  still  continued  to  be 
the  site  of  active  deposition  in  the 
succeeding  periods. 

To  the  west  of  the '  Cordilleran 
range  of  folded  older  Mesozoics  a 
new  geosyncline  was  now  formed 
in  the  region  of  the  oldland,  and 
it  was  in  this  western  depression, 
bounded  on  the  west  largely  by  lands 
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now  submerged  beneath  the  Pacific,  that  the  Comanchean  and 
Cretaceous  strata  accumulated. 
Accompanying  the  folding  was  an  immense  outpouring  of  lava, 


■eri.  Upper  Jurassic,  Solnhofen;  from  above: 
Ct<«4,ct,  costal  plates;  A^,  hypopiastron;  Ai,  byoplastron;  if.ileumi  Mi,mi,ms, 
Mill  muEinal  plates;  n,,  R|,  Kg.  neural  plates;  nv,  nuchal  plate;  py,  pygal 
plate;    on  r^i,  c,,  C|,  c^,  impresaions  of  the  bom  shields  are  visible.    (After 

§tfiqmflnn  ) 
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and  intrusion  of  igneous  masses  into  the  older  rocks.  This  in- 
cludes the  lavas  which  now  largely  compose  the  Sierra  Nevada 
Mountains,  and  others  extending  far  to  the  north.  These  great 
igneous  intrusions,  by  far  the  most  extensive  that  had  occurred  since 
the  beginning  of  Palaeozoic  time,  were  apparently  responsible  for 
the  mineral-bearing  waters  and  gases  which  enriched  the  Jurassic 
and  older  rocks  of  this  region  by  their  metallic  wealth,  and  fronr 
which  deposits  the  auriferous  gravels  were  subsequently  derived. 


CHAPTER  XLHI 

THE  CRETACEOUS  SYSTEMS 

Lower  Cretaceous  —  Comanchean  or  Comanchic 
Upper  Cretaceous  —  Cretaceous  proper  or  Cretacic 

The  great  chalk  deposits  of  England,  so  well  exposed  in  Shake- 
speare cliff  at  Dover  (Fig.  201,  p.  279,  Pt.  I)  and  on  the  Channel  coast 
of  France  (Fig.  713,  p.  807,  Pt.  1),  form  the  type  of  the  highest  of  the 
Secondary  or  Mesozoic  deposits,  though  those  originally  so  desig- 
nated by  Lehmann  and  Werner  were  sandstones  and  limestones 
of  equivalent  age  in  Germany.  William  Smith  and  his  successors 
recognized  that  the  chalk  beds  graded  downwards  into  glauconitic 
chalk,  and  lower  still  into  beds  of  glauconitic  sands  to  which  they 
applied  the  name  Greensands.  In  the  midst  of  this  Greensand 
series  lies  a  bed  of  clay,  which  is  generally  known  as  GauU  Clay 
because  it  is  cold  and  clammy  to  the  touch.  The  Greensands 
below  the  Gault  day  ^ere  designated  Lower  Greensands  and  those 
above  it  Upper  Greensands,  A  fourth  series  of  deposits,  mainly 
of  sands  and  clays,  and  now  known  to  be  a  continental  deposit, 
was  recognized  as  forming  the  center  of  the  Wold  or  Wealden  dis- 
trict, in  southeastern  England,  an  eroded  anticlinorium  flanked 
on  either  side  by  imidines  of  chalk,  the  so-called  North  and  South 
Chalk  Downs.  To  these  beds,  which  underlie  the  Greensands 
and  which,  unlike  those  deposits  and  the  chalk,  contain  no  marine 
fossils,  the  name  Wealden  beds  was  given.  These  lithological 
divisions,  still  in  general  use  in  England,  do  not  represent  exact 
stratigraphic  horizons,  the  Greensands  rising  in  the  geological  scale 
towards  the  northwest  (Fig.  1685). 

As  we  have  seen  {ante,  p.  18)  the  name  Cretaceous  was  proposed 
for  these  rocks  by  Omalius  d'Halloy  in  1822,  being  derived  from 
the  Latin  word  creta  (chalk),  and  it  was  soon  recognized  that 
these  deposits  could  be  divided  into  two  divisions,  an  Upper  and 
a  Lower  Cretaceous.    In  Germany  the  beds  included  in  these 
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systems  were  first  known  as  Quader  Sandslein  or  sandstone  which 
permitted  quarrying  in  large  blocks  (Qttader),  and  PUiner  Kalk 
or  thin-bedded  limestone.  These  were  the  original  Secondary 
rocks  of  the  Saxon  geologists.  A  third  lithologic  type,  the  Hils, 
essentially  a  shore  fades  at  the  base  of  the  series,  was  also  dis- 
tinguished. 

It  was,  however,  in  France  and  Switzerland  that  the  fullest 
representation  of  the  Cretaceous  deposits  was  found,  and  in  these 
r^ons  the  formations  are  largely  marine  limestones.    The  labors 
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Fio.  1685.  —  Geological  map  of  southeastern  England  and  part  of  Fruice, 
exhibiting  the  denudation  of  the  Weald.    (After  Lyell.) 

of  Alcide  d'Orbigny  and  his  successors  have  demonstrated  that  a 
more  precise  subdivision  into  thirteen  groups  or  stages  was  possible, 
of  which  seven  are  comprised  in  the  Upper,  and  six  in  the  Lower 
Cretacecius  (see  p.  685).  These  subdivisions  have  become  the 
standard  not  only  for  Europe  but  for  the  rest  of  the  earth  as  well. 
In  America  for  many  years  only  Upper  Cretaceous  marine  de- 
posits were  recognized,  these  being  most  typically  developed  in 
the  Great  Plains  region  and  the  Rocky  Mountain  front.  When 
older  marine  deposits  were  found  in  Texas  and  Mexico  they  were 
grouped  together  under  the  name  Comanchean,  after  the  Comanche 
Indians,  in  whose  territory  the  deposits  were  first  studied  (see 
ante,  p.  19).  This  division  is  essentially  equivalent  to  the  Lower 
Cretaceous  of  Europe. 
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Subdivision  of  the  Cretaceous  in  the  La&ger  Sense 

As  in  the  case  of  the  other  Mesozoic  systems,  the  Cretaceous 
standard  is  found  in  Europe,  where  the  subdivision  is  generally  into 
Lower  and  Upper  Cretaceous.  These  divisions  correspond  es- 
sentially to  the  Comanchean  and  Cretaceous  systems  of  American 
usage.  Some  European  authors  divide  the  Cretaceous  as  a  whole 
into  three  divisions,  Lower,  Middle,  and  Upper,  but  this  has  not 
been  adopted  generally.  The  standard  succession  m  western 
Europe  is  as  follows : 


Upfeh  Cketaceous 

or 

Cretaceous  proper 

(Cretadc) 


Lower  Cretaceous 

or 

Comanchean 

(Comanchic) 


'  Danian 
Maestrichtian  1 
Campanian     >  Senonian 
Santonian       J 
Coniacian  or 

Emacherian 
Turonian 
Cenomanian 
Albian  (Gault) 
Aptian 
Barremian 
Hauterivian 
Valanginian 
Berriasian 

(or  Lower  Valanginian) 


.     Upper 
Cretaceous 


1     Middle 
I  Cretaceous 


}     Upper 
Neocomian 

I      Lower 
Neocomian 


Neocomian 

or 

Lower 

Cretaceous 


The  North  American  Coicanchean  and  Cretaceous 

In  North  America  the  best  known  development,  and  in  many 
respects  the  most  complete,  is  found  in  the  Mesozoic  Piedmont 
basin  east  of  the  Cordilleran  Mountain  ranges,  which  had  become 
an  important  area  of  deposition  and  had  acquired  the  character  of  a 
broad  interior  geosyncline  (Colorado  geosyncline  of  Sohuchert). 
In  the  western  or  Cordilleran  (Pacific  coast)  geosyncline  marine 
sediments  were  likewise  accumulating  in  great  thickness,  while 
the  eastern  or  Atlantic  coast  geosyncline  was  receiving  marine 
sediments  during  (Upper)  Cretaceous  time.  The  Gulf  embayment 
of  JurasJsic  time  still  persisted.  We  will  begin  by  considering  the 
interior  or  Coloradoan  geosyncline  and  the  deposits  of  the  Gulf 
embayment.  The  divisions  recognized  in  the  deposits  of  this 
region,  which  may  be  considered  typical  for  North  America,  are 
as  follows : 
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Cretaceous  (Upper  Cretaceous  or  Cretadc). 
Upper  Cretaceous  or  TAramian. 
Middle  Cretaceous  or  Montanan. 

Fox  Hills  group. 

Pierre  group. 
Lower  Cretaceous  or  Coloradoan. 

Niobrara  group. 

Benton  group. 
Basal  (Dakota)  sandstone  series. 
CoMANCHEAN  (Lower  Cretaceous  or  Comanchic). 
Upper  Comanchean  or  Washita. 
Middle  Comanchean  or  Fredericksbuig. 
Lower  Comanchean  or  Trinity. 


Fig.  1686.  —  Map  showing  the  outcrops  of  Comanchean  rocks  in  North 

America.    (After  Bailey  Willis.) 
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Comanchean  of  the  Gulf  and  Colaradoan  Geosyndines 

It  will  be  recalled  that  during  Jurassic  time  the  Colorado  basin  was 
still  separated  on  the  south  from  the  Atlantic  or  Gulf  embayment,  so 
that  the  marine  sediments  of  the  latter  region  were  not  in  contact 
with  the  continental  sediments  formed  in  the  Colorado  basin,  nor 
with  the  marine  deposits  which  were  formed  in  that  basin  in  the 
sea  (Logan  Sea)  which  entered  it  from  the  north.  By  the  opening 
of  the  Comanchean  era,  however,  the  barrier  which  separated 
these  areas  had  become  worn  down  so  that  the  transgressing  sea 
from  the  Gulf  region  was  enabled  to  enter  the  northern  interior 
basin. 

The  threefold  division  of  the  Comanchean  is  chiefly  found  in  Texas,  where, 
however,  the  series  b  only  partially  developed.  In  Mexico,  on  the  other  hand, 
a  much  more  extensive  series  of  deposits  is  known,  and  the  three  divisions  are 
not  so  readily  distinguished.  These  deposits,  however,  have  been  little  studied 
as  yet.  The  formations  here  are  generally  classed  as  Lower  and  Middle 
Cretaceous  by  the  Mexican  geologists,  and  they  represent  the  European  series 
up  to  and  including  the  Cenomanian,  while  their  Upper  Cretaceous,  which  is 
essentially  the  equivalent  of  the  American  Cretaceous,  is  made  to  begin  with 
beds  of  Turonian  age.  Haug  and  other  European  authors,  however,  include 
the  Turonian  in.  the  Middle  Cretaceous. 

In  the  States  of  Vera  Cruz  and  Puebla  in  Mexico  the  lower 
divisions  (Eocretaceous  of  the  Mexicans,  essentially  Trinity  and 
older  beds  of  American  usage)  consist  of  a  great  thickness  of  un- 
fossiliferous,  probably  in  the  main  continental,  slates  with  some 
intercalated  marine  limestones,  resting  upon  Jurassic  or  older  rocks. 
In  Zacatecas  (Sierra  de  Mazapil),  on  the  other  hand,  the  Jurassic 
beds  are  concordantly  succeeded  by  fossiliferous  marls,  followed 
by  limestones  400  to  500  meters  thick,  and  these  in  turn  by  argil- 
laceous beds  with  marine  fossils  which  mark  the  summit  of  the 
Eocretaceous  (Trinity).  These  beds  are  followed  by  Meso- 
cretaceous  limestones  (Fredericksburg  and  Washita)  from  400 
to  500  meters  in  thickness,  which  form  the  main  limestone  series 
of  Mexico.  Similar  beds  {Orizaba  limesUmCf  up  to  600  meters 
thick)  overlie  the  shales  in  Vera  Cruz  and  Puebla. 

This  region  comprises  the  most  complete  section  of  the  Coman- 
chean beds  so  far  known.  The  waters  in  which  they  were  de- 
posited covered  northern  South  America,  as  is  shown  by  the  oc- 
currence of  beds  of  this  age  in  Colombia  and  Venezuela,  where 
the  shore  facies  of  this  sea  are  found,  and  where  transgression  is 
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indicated  by  overlapping  of  the  higher  divisions.  Strata  of  the  same 
age  also  occur  in  some  of  the  West  Indies,  where  they  form  a  part  of 
the  much  disturbed  basal  complex  of  Porto  Rico.  They  probably 
occur  in  the  other  islands  as  well,  although  they  have  not  yet  been 
differentiated.    From  the  fact  that  the  fauna  of  all  these  beds  19 
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essentially  that  of  western  Europe,  we  may  conclude  that  the  At- 
lantic embayment,  characteristic  of  tbb  region  in  Jurassic  time, 
had  become  a  permanent  feature  as  it  is  to-day,  except  that  part 
of  the  islands  and  the  adjoining  coast  were  also  submerged.  How- 
ever, the  great  depths  of  the  present  Gulf  of  Mexico  and  Caribbean 
Sea  did  not  exist  then,  for  the  fossils  and  rocks  indicate  that  the 
waters  were  shallow  (Fig.  1687). 

The  main  events  of  Comanchean  time  in  this  Gulf  embayment 
were  the  transgression  of  the  sea  over  the  south  central  United 
States,  followed  by  complete  retreat  from  this  same  area.  A 
dmilar  advance  and  retreat  probably  characterized  the  Mexican 
region  and  the  northern  South  American  region,  but  the  details 


Fig.  iGSS. — Ideal  section  showing  the  Tctationships  of  the  Trinity  uid 
Fredericksburg  formatioDs  of  the  Texas  Comanchean.  The  basal  sandstone 
(in  black)  rises  in  the  scale  with  the  advance  of  the  sea;  the  Paluxy  sand- 
stone (also  in  black)  represents  a  combined  sandstone  of  emergence  and 
submergence.     (Original.) 

of  this  have  not  yet  been  determined.  The  transgression  over 
the  southern  United  States  is  clearly  indicated  by  the  north- 
ward and  westward  overlapping  of  the  successive  members  of 
the  Comanchean  (Fig.  1668).  Thus  the  Trinity  division,  char- 
acterized especially  by  the  peculiar  twisted  pelecypod  Reguiema 
(Fig.  1689  a-e),  covers  only  about  the  southern  half  of  Texas,  the  old 
shore-line  passing  between  the  present  (pitman  and  Finlay  Moun- 
tains in  western  Texas  and  extending  to  some  distance  beyond 
Bisbee  in  Arizona,  where  650  feet  of  limestones  of  this  age  rest 
apparently  upon  continental  Comanchean  beds  (1800  to  1900 
feet),  which  are  in  part  red  and  lie  unconformably  upon  the  eroded 
edges  of  the  folded  Palaeozoics,  which  there  form  a  part  of  the  old, 
worn-down  Palxocordilleran  Mountains.  The  transgression  of  the 
sea  b  also  shown  by  the  thinning  of  the  limestone  member  of  the 


Fig.  1 68g.  —  Aberrant  pelecypods  of  the  Comanchie  of  the  Gulf  cout. 

a,  t,  Requienia  Icxana  (Gtcn  Rose  uid  Fredericksburg  of  Texu  uid  Meiiro) ;  c,  Re- 
^itnut  palatiaia  (Fredericksburg,  Teiu  and  Meiico) ;  d,  Umuipkiira  marcida  (Glen 
Rose  and  upper  Fiedericksbutg  of  Texas) ;  r,  Uenopleura  pitiguiiciila.  diowiog  tbe 
eloDgste  right  valve  and  twisted  left  valve  (Glea  Rok  and  upper  Frederidabuig  of 
Texas);  /,  RudU/lilcs  lesanui.  large  lower  valve  made  up  of  thick  ridges  of  shell,  the 
■ninul  occupying  the  small  central  deptessioD  at  the  top;  a  sqwU.  conical  upper  valve 
not  here  shown,  rests  like  a  cap  on  top  (Upper  Frederiduburg  of  Texas) :  (,  KadiMa 
iavidsni  (Upper  Fredericksburg  of  Texas) ;  A,  ilonaHnra  Uxana  (FrederickabutK  of 
Texas  and  Meiico).    Allreduced.    (I.  F.) 
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Trinity  (the  Gten  Rose  limestone)  northward  and  westward,  this 
being  600  feet  thick  at  Austin,  but  only  about  5  feet  at  Twin  Moun- 
tain in  Erath  county,  and  at  Decatur,  in  Wise  county,  a  hundred 
miles  farther  northeast. 

Id  the  region  covered  by  these  rocks  the  Trinity  divi^n  begins 
with  a  basal  sandstone  which  ranges  up  to  200  feet  in  thickness,  and 
the  top  of  the  division  is  also  fonned  by  a  sandstone  showing  a 
partial  retreat  of  the  sea  after  the  first  advance  (Fig.  1688).  The 
basal  sandstone  continues  beyond  the  region  of  Trinity  depo»tion 
and  underlies  the  whole  Co- 
manchean series  in  the  south- 
em  United  States.  From  its 
character  and  extent  it  ap- 
pears that  we  are  dealing 
here  with  an  old  residual 
quartz-sand,  deposited  in  pre- 
Comanchean  time,  and  re- 
worked by  the  advancing 
Comanchean  sea,  so  that  it 
became  a  basal  sandstone  for 
the  entire  overlapping  series 
(Figs.  1690,  i6qi).  Thissame 
sandstone  continues  north- 
ward  over  much  of  the 
Coloradoan  geosyndine  and 
constitutes  the  Dakota  sand- 
stone which  rests  on  conti-  Fio.  1690.  —  Pulpit  Rock,  E 
nenul  Co,^„chean  o,  .Me,  r^~:Zr°",pr„T^S! 
rocks.  The  sea  contmued  to  Darton  from  U.  S.  G.  S.) 
advance  northward  until,  by 
-  the  end  of  Fredericksburg  or  the  beginning  of  Washita  time,  it 
had  covered  all  of  Texas  and  Oklahoma,  southern  Kansas,  south- 
eastern Colorado,  and  eastern  New  Mexico  as  well  as  the  greater 
part  of  Mexico  (map.  Fig.  1687).  In  this  sea  the  great  limestones 
of  the  period  (Comanche  Peak  and  Edwards  of  Texas,  etc.,  part 
of  Orii^ba  limestone  of  Mexico)  were  deposited,  these  being  char- 
acterized by  the  peculiar  rudistid  petecypods  Monopleura,  Radio- 
liles,  etc  (Figs.  1689  d-g),  which  are  found  in  equivalent  beds  of 
southern  Europe.  These  limestones  also  thin  northward  and 
westward,  being  700  feet  thick  on  the  Rio  Grande,  350  feet  at 
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Austin,  but  only  2$  feet  thick  on  the  Texas-Oklahoma  boundary, 
where  only  tie  upper  division  ia  present,  resting  on  aoo  feet  of 
basal  sands.  In  southern  Kansas  the  series  is  represented  only 
by  plant-bearing  sandstones  {Cheyenne  sandsUma),  which  rest 
disconformably  upon  the  red  beds,  and  are  followed  by  a  shell 
bed  with  Gryphaa  ftilli,  a  characteristic  Fredericksburg  fossil,  and 
by  the  Kiowa  shales  vn^Gryphaa  corrugaia  (Fig.  1692  b),  repre- 
senting the  shore  phase  of  the  lower  Washita  series  (regarded  as 
uppermost  Fredericksburg  by  some). 

With  the  beginning  of  Washita  time  the  sea  again  withdrew, 
and  continental  sands  were  spread  over  the  emerging  area  by  rivers 


Fio.  i6qi.  —  Dakota  sandstone  showing  effects  of  eolian  erosion.  Terrace 
in  distance  developed  on  basaltic  lava  flow  of  late  Tertiary  age.  Union  County, 
New  Meiico.     (Photo,  B.  Hubbard.) 

and  the  wind.  These  sands  (Dakota  sandstones,  etc.)  rest  on 
progressively  higher  members  of  the  Washita  series  as  they  aie  - 
followed  southward,  thus  showing  the  characteristic  features  of 
an  emerging  series.  While  they  follow  upon  the  lowest  Washita 
(Kiowa  or  Kiamitia  shales)  in  Kansas,  they  are  preceded  by  840 
feet  of  Washita  shales  and  limestone  in  southern  Oklahoma.  The  , 
sandstone  does  not  extend  as  far  south  as  Austin,  where  the  upper 
Washita  limestones  show  evidence  of  erosion,  a  character,  of  course, 
quite  consistent  with  the  other  evidence  of  emergence. 

That  the  sea  continued  to  submerge  the  greater  part  of  MexiO), 
even  during  Washita  time,  while  it  retreated  from  the  southern 
United  States,  is  shown  by  the  fact  that  the  Washita  formatioQ 
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is  represented  by  great  limestones  (upper  Orizaba  or  Escamela 
limestones)  600  meters  in  thickness.  Finally,  however,  emergence 
also  took  place  over  much  of  Mexico,  as  is  shown  by  the  fact  that 
these  rocks  were  eroded  before  the  next  higher  formations  (Creta- 
ceous) were  deposited  upon-  them.  During  the  period  of  marine 
deposition  (advance  and  retreat)  in  the  Gulf  region,  the  greater 
part  of  the  Coloradoan  geosyncline  was  above  water,  and  conti- 
nental beds  (chiefly  river  flood-plain  deposits,  i.e.,  the  Harrison 


Fig.  1691.  — Comanchean  oysters  and  related  pelecypods. 


»,  Cryphm  tiwotui  (Xi),  FicderickiburK  of  Tens ;  b.  Gry^uca  amitaSa  {Xi).  Co- 
manchean  of  southero  Kuuss  Mid  Teiu  (G.  kilU  rcKmbln  the  yoimg  oF  this  species) ; 
t.  Crjpkaa  waiki4aauis  (X)),  Washita  of  T«u;  d,  Gryphaa  navia  (X)),  Wuhlts, 
Inim  Kansas  to  Mexico;  e,  Gryphaa  macreynta  (X  1),  Ulster  Washita  lA  Texas:  /,  f, 
Exaty"  Uxana  (X)),  Comanchean  ot  Meiico;  *,  Eagyra  arietina  (XJ),  Washita  of 
Texas;  i,  Oifrmfu^fUotto  (X  )},  Washita  of  Texas,  (Alahamaand  Kansas.     (I.  F.) 

formation)  were  laid  down,  while  still  farther  north  in  Canada 
other  continental  beds  enclosing  coal  {Kootenai  formation)  ac- 
cumulated. 


Comanchean  of  the  Post- Appalachian  Geosyncline 

It  has  been  stated  that  upon  the  folding  of  the  strata  of  the 
Appalachian  geosyncline,  a  new  geosyncline  came  into  existence 
to  the  east  of  the  Appalachian  Mountains  in  which  the  Triassic 
strata  were  deposited,  though  only  the  Upper Triassic  Newark  series 
is  known.    In  Jurassic  time  this  geosyncline  seems  not  to  have 
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received  any  deposits,  or  at  a^y  rate  they  are  not  known,  but  in 
Comanchean  and  Cretaceous  time  this  eastern  geosynciine  again 
became  the  site  of  depression  and  of  active  deposition. 

It  is  generally  held  that  the  Comanchean  and  Cretaceous  strata 
of  the  present  Atlantic  coastal  plain  were  deposited  on  the  margin 
of  the  open  Atlantic,  partly  above  and  partly  beneath  its  waters. 
There  are,  however,  certain  objections  to  this  view,  chief  among 
which  is  the  difference  in  the  fauna  of  the  Cretaceous  beds  of  the 
present  Atlantic  and  Gulf  Coastal  plain  and  that  of  the  islands 
immediately  to  the  south,  as  will  be  more  fully  considered  under 
the  discussion  of  the  Cretaceous.  Furthermore,  there  is  evidence 
that  the  Cretaceous  strata  of  the  Greater  Antilles  were  formed  in 
the  neighborhood  of  a  land  mass.  For  these  and  other  reasons 
we  may  tentatively  assume  that  a  land  barrier,  the  unsubmerged 
remnant  of  Appalachia,  extended  east  and  west  from  Texas  to 
Florida  and  thence  northeastward  for  an  unknown  distance  (see 
map.  Fig.  1687),  and  that  between  it  and  the  Appalachian 
Mountains  lay  a  broad  and  rather  shallow  geosynciine  which  ex- 
tended from  Massachusetts  to  Texas,  where  it  became  confluent 
with  the  Colorado  geosyncUne.  If  this  were  the  case  in  Cretaceous 
time,  the  geosynciine  probably  existed  also  in  Comanchean  time, 
although  during  that  era  it  was  chiefly  the  site  of  continental 
sedimentation.  It  should,  however,  be  distinctly  imderstood  that 
the  existence  of  such  a  continuous  land  mass  is  by  no  means  proved, 
but  its  presence  would  account  for  many  phenomena  otherwise 
difficult  of  explanation.  But  whether  marginal  to  the  Atlantic, 
or  separated  from  it  by  a  remnant  of  the  Appalachian  old- 
land,  this  new  Appalachian  geosynciine  was  the  site  of  deposi- 
tion of  several  thousand  feet  of  clastic  strata,  of  which  those 
belonging  to  the  Comanchean  were  wholly  non-marine.  The 
following  formations  occurring  in  this  region  are  included  in  the 
Comanchean  system. 

SUFEJIFORMATION 

Raritcn  sands  (Dakota)  followed  by  marine  Cretaceous  beds. 
Thickness  of  Raritan 400  feet 

Hiatus  and  DisconformUy 
Comanchean  Beds 

Patapsco  formatumf  ranging  to 200  feet 

Highly  colored  and  variegated  clays  and  lighter  colored  sandy 

clays  and  sands.    Angiosperm  flora. 
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Hiatus  and  Disconformity 

i4rf«fufff//^fiuz^»(m  (Upper  Neocomian),  ranging  to 125  feet 

Chiefly  clays,  locally  iron-bearing  and  lignitic,  flora  similar  to 
Patuxent,  remains  of  Dinosaurs. 

Hiatus  and  Disconformity 

Patuxent  formation  (Lower  Neocomian),  ranging  to 350  feet 

Chiefly  arkose  sands  often  cross-bedded  with  small  masses  of  clay 
and  an  early  Comanchean  flora. 

Unconformity 
SuBFORiCATiON.    Crystalline  schist,  etc.,  or  locally,  Triassic  rocks. 

These  formations  are  river  flood-plain  and  alluvial  fan  deposits, 
with  occasionally  clays  that  represent  swamp-  and  lake-sediments. 
The  succeeding  Raritan  sands  are  often  lignitic,  and  appear  to  be 
in  part  of  eolian  origin.  They  contain  the  plants  characteristic 
of  the  Dakota  sandstone  of  the  interior. 


The  Cretaceous  ( Upper  Cretaceous)  Deposits  of  the  Gulf  and  Colo- 

radoan  Geosynclines 

The  Cretaceous  deposits  of  these  regions  formerly  extended 
continuously  from  Mexico  into  Canada  and  perhaps  to  the  Arctic 
region,  but  they  have  been  removed  by  post-Cretaceous  erosion 
in  northern  Texas,  Oklahoma,  and  New  Mexico  so  that  they  now 
appear  in  two  disconnected  areas.  From  eastern  Texas  the -de- 
posits extend  continuously  beneath  the  Tertiary  and  younger 
rocks  throughout  the  Neo-Appalachian  geosyncline  to  New  Jersey 
and  Long  Island,  cropping  out  along  the  northern  edge  of  the 
coastal  plain  wherever  the  Tertiary  strata  have  been  eroded. 

Throughout  Mexico  and  the  southern  United  States,  so  far  as 
known,  the  Cretaceous  rests  disconformably  upon  the  Comanchean, 
the  latter  being  more  or  less  eroded.  This  means,  of  course,  that 
the  sea  withdrew  from  this  entire  region  at  the  end  of  Comanchean 
time  and  that  wherever  the  continental  Dakota  sands  did  not  act 
as  a  protecting  cover,  erosion  removed  a  part  of  the  older  series 
before  the  readvance  of  the  sea.  It  is  probable  that  the  sea  did 
not  withdraw  from  the  center  of  the  east-and-west  Gulf  geo- 
syncline ;  but  the  northern  portion  of  this  geosyncline,  now  repre- 
sented by  the  Greater  Antillean  islands,  was  probably  in  part 
uncovered,  though  at  present  we  do  not  know  what  the  relation- 
ship of  the  Comanchean  and  Cretaceous  strata  of  these  islands 
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is.    In  some  cases,  however  (Havana,  Cuba,  etc.),  it  is  known  that 
the  Cretaceous  beds  lie  directly  upon  old  crystallines. 

In  parts  of  Cuba  the  basal  Cretaceous  beds  are  either  unfossilif- 
erous  arkoses  or  coal-bearing  continental  beds  followed  by  shales  and 
limestones  with  marine  fossils.    This  indicates  the  transgression 
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Fig.  1693.  —  Map  showing  the  outcrops  of  the  Cretaceous  in  North  America. 
(After  BaUey  Willis.} 

of  the  sea  over  an  old  land  area.  On  Jamaica,  which  lies  nearer 
the  center  of  the  east  and  west  trough,  the  Cretaceous  beds  have 
an  estimated  thickness  of  5000  feet,  but  they  also  begin  with 
conglomerates  formed  of  granitoid  and  metamorphic  older  (prob- 
ably pre-Cambrian)  rock.  These  conglomerates  are  succeeded  by 
limestones  with  pelecypods  of  the  type  known  as  RudisUs  (Fig. 
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1689),  •and  by  marls  and  calcareous  sands  with  corals  of 
southern  European  types.  Much  of  the  clastic  material  is  of 
volcanic  origin.  On  Porto  Rico  the  Cretaceous  succeeds  the 
Comanchean  (probably  with  a  disconformity),  and  consists  largely 
of  clastic  material,  much  of  it  of  volcanic  origin.  Some  beds 
abound  in  Foraminifera,  and  it  is  possible  that  they  were  deposited 
in  open,  though  probably  not  very  deep  water,  for  Rudistes 
(RadioliteSf  etc.,  Fig.  1689/,  g)  also  occur,  pften  in  fragmentary 
condition. 

It  thus  appears  that  deposits  which  now  form  the  older  and  much 
folded  series  of  these  islands  never  originated  very  far  from  the 
oldland  which  formed  the  northern  shore  of  the  geosyncline,  and 
that  the  center  of  this  trough  was  somewhere  near  the  middle  of 
the  present  Caribbean  Sea.  Its  southern  margin  overlapped 
northern  South  America,  for  Cretaceous  beds  are  known  from 
Colombia,  Venezuela,  and  Trinidad,  and  while  limestones  with 
Rudistes  are  common,  they  are  associated  with  sandstones  and  other 
clastic  rocks.  This  geosyncline  had  a  southward  prolongation 
into  the  Andean  trough  (the  present  Andes  Mountains)  of  Peru, 
and  to  some  extent  in  Chile  and  Argentine,  where  the  Cretaceous 
deposits  are  often  underlain  by  Comanchean  beds,  showing  that 
this  trough  also  existed  during  the  earlier  period.  They  have, 
however,  been  little  studied,  but  enough  is  known  to  warrant  the 
belief  that  the  trough  was  bounded,  as  in  the  preceding  eras,  by 
a  land  mass  on  the  west  (now  submerged),  and  had  little  or  no 
connection  with  the  Pacific.  Some  of  the  Cretaceous  beds  of 
this  trough  are  of  continental  character,  and  in  several  regions 
beds  of  lignite  and  brown  coal  of  economic  importance  are 
found. 

The  fauna  of  these  central  waters  was  largely  of  a  European 
type  and  is  especially  characterized  by  the  extensive  development 
of  Rudistes  {RadioliteSj  Hippurites,  etc.,  Figs.  1723,  1724).  These 
extend  south  into  the  Andean  trough,  where  other  pelecypods 
{Exogyra,  etc.,  Figs.  1692,  1706)  and  ammonites  of  European 
origin  are  more  frequent.  The  Rudistes  and  accompanying  types 
also  extend  northward  into  the  Coloradoan  trough  of  Texas,  but 
farther  north  the  fauna  seems  to  be  primarily  a  northern  one,  so 
that  it  appears  that  temperature  conditions  largely  determined 
the  distribution  of  these  organisms.  So  far  as  known  the  fauna 
did  not  enter  the  Neo-Appalachian  geosyncline  to  any  great 
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extent,  probably  because  of  colder  currents  from  the  northeastern 
Atlantic  opening  of  this  geosyndine. 

Where  these  Cretaceous  strata  are  to-day  exposed  on  the  Rio 
Grande,  they  have  a  thickness  of  about  7500  feet  with  1500  feet 
of  white  Umestone  or  chalk  {Austin  chalk)  in  the  lower  part. 
Farther  north  the  beds  become  thinner,  and  tbe  limestones  also 
decrease,  so  that  their  thickness  at  Austin,  Texas,  is  only  600  feet 
and  becomes  less  than  a  hundred  feet  in  Colorado.  This  shows  a 
northward  transgression  of  the  sea  into  this  trot^h  and  an  overlap 
of  the  marine  strata  in  that  direction.    While  the  Umestones  were 


Fig.  1694.  —  A  cliff  of  Greenhorn  limestone,  the  iniddle  member  of  tbe 
Benton  division  of  the  Cretaceous.  This  limestone  marks  essentially  th« 
lonest  horizon  at  which  the  pelecypod  Inocframus  tatnatus  appears,  this  occur- 
ring here  in  great  abundance,  near  Thatcher,  Colorado.     (U.  S.  G.  S.) 

forming  in  the  open  waters  of  the  south,  river-borne  muds  were 
accumulating  in  the  north,  these  forming  the  Benton  shaUs, 
which  are  chiefly  of  estuarine  character  but  with  marine  lime- 
stones in  the  center  (Fig.  1694).  In  many  places  the  shales 
abound  in  fish  remains,  but  other  fossils  are  rare  or  absent. 
This  suggests  that  the  fish  ^re  either  river  types  killed  in 
large  numbers  by  the  advancing  sea,  or  marine  .types  killed  by 
the  inpouring  fresh  water.  Their  decaying  bodies  were  probably 
in  large  part  the  source  from  which  the  petroleum  now  stored  in 
porous  members  of  this  series  was  derived.  Similar  fish-bearing 
shales  overlie  the  Niobrara  limestone  series.  During  the  earlier 
part  (Coloradoan)  of  the  Cretaceous,  when  the  muds  of  the  north 
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Fic.  i6q6.  —  Species  of  the  most  characteriBtic  Cretaceous  pelecypod, 
Inxeramus. 

a,  I.  dimidiui  (X|),  Colondoan  of  Kaasu,  Colondo,  VUb,  New  Mexico:  &■  !■ 
tabiatui  (X|).  typical  of  the  Benton,  throughout  the  Plains  uid  Rocky  Mountain  tegioD, 
lower  Turonian  of  Europe;  f,  /.  /rafilii  (X  t),  Bentoa  shale  from  Texas  to  Dakota; 
4.  I.  nmpimi  (X)),  Colorukian  of  Kansas  and  South  Dakota,  abo  Cretadc  of  Sut 
Louis  Potosi,  Mexico;  c.  I.  dtformis  (X|),  Niabrari  of  Ihe  Plaini  and  Rocky  Mouik- 
tains;/,  /.  froximui  (Xi).  Pierre  of  South  Dakola  and  Colorado,  Ri[jeyaa  of  New 
Jersey  and  the  Gulf  region.    (I.  F.) 
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were  mainly  estuarine,  the  marine  fauna  from  the  south  invaded 
this  trough,  the  first  immigrant  being. the  pelecypod  Inoceramus 
labiatus  (Fig.  (6966)  (middle  Benton),  followed  by  ammonites 
{Prionotropus,  Prionocyclus,  Fig.  1697),  and  later  by  the  coarse 
thick-shelled  Inoceramus  dtformis  (Fig.  1696  e),  easily  recognized 
by  its  coarsely  prismatic  shell-structure.  In  Montanan  time, 
however,  the  Arctic  sea  transgressed  into  this  trough  from  the 
north,  bringing  with  it  BacidiUs  (Fig.  1698  a-e),  ScapkiUs  (Fig. 


:r  Upper 


a-d,  Frionolrtpus  wa^iori,  Benton  uid  equivalent  beds  from  Texas  to  South  Dakota, 
Turoniaa  o(  Europe  {a,  b,  two  views  of  a  younc  shell  ( X  t)  i  c,  fragment  of  a  mature 
shell,  ventral  view  (X  i) ;  d.  suture) ;  e-k,  Fricnccydui  ntyomtntmis,  upper  Benton 
oi  Doithern  Colorado  geosyndioe  (e,f,  two  views  of  a  fragment  of  an  adult  (XI)  l  f.  a 
youngshdKXJ);  A,suture.     (1.  F.) 

1698 /-A),  Belicoceras  (Fig.  1754),  and  other  peculiar  cephalopods 
which  are  also  found  on  the  west  coast  of  Greenland. 

The  material  deposited  at  this  time  in  the  region  of  the  present 
Great  Plains  was  largely  mud,  forming  the  thick  Ft.  Pierre  shales 
(1000  feet).  Some  portions  of  these  shales  are  characterized  by 
pillar-like  masses  of  limestone  largely  composed  of  the  shells  of  a 
pelecypod  {Lucina,  Fig.  1699).  These  are  regarded  as  represent- 
ing colonies  of  the  pelecypod,  growing  in  circumscribed  areas 
as  do  banks  of  mussels  to-day,  generation  after  generation  living 
in  the  same  spot  and  building  up  the  column  of  shell-limestones 
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Fio.  1698.  —  Middle  and  Upper  Cretaceous  degeaerate  anunonoids,  showing 
loss  of  power  to  coil. 
d-(,  BaeiiliJa'cirmpreiiiu.ade  view  ind  cmss-MCtion  (X|)  aod  sulute  (much  cdUisbI), 
Pierre  of  the  Colondoan  gfoiyncline.  Ripleyan  oC  New  Jersey ;  d,  c,  BaculUti  etalui, 
CTOSB-section  (Xt)  ■"'^  suture  (much  enlarged),  Plene  of  the  Coioradoin  geosyDdine, 
Ripleyui  of  New  Jersey;  /,  (,  Scatkilei  naiont  vai.  brcvii  (X|),  Montanui  of  the 
Colondnta  Beosyndine.  Ri[deyui  of  New  Jersey ;  h.  S.  iwdanu  var.  fMadRHCHJanr, 
wtute  eolaifed,  Montanui  ol  Cokindo  geosyadine.    (1.  F.) 


Fig.  1699.  —  Lminn  ociidtnlalis,  a  pelecypod  abundant  in  the  Kerre  of 
Colorado  and  the  region  from  Kansas  to  Canada,  and  in  the  Fox  Hills  of  South 
Dakota.  It  grew  in  reef-like  masses  foraung  the  Tepee-Buttes  (sec  Figs. 
1700-1709). 
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Fio.  1700. —  General  view  of  Tepee-Buttes  in  Upper  Cretaceous  <Kerre) 
strata  near  Canyon  City,  Colorado.     (After  Gilbert  and  Gulliver.) 

as  the  older  part  was  progressively  buried  in  the  accumulating 
mud.  Subsequent  erosion  has  produced  a  series  of  conical  buttes 
with  the  shell-limestone  as  the  resistant  core  (Figs.  1700-1703). 
The  Pierre  is  succeeded  by  a  sandstone,  the  Fox  Hills,  which  is 
frequently  cross-bedded  and  indicates  progressive  emergence  of 
the  region  (Fig.  1703). 


Fio. 


1 701 .  —  A  »ngle  Tepee-Butte,  showing  at  the  top  the  lii 
(After  Gilbert  and  Gulliver,  (rora  Principles  of  Stratigraphy.) 


The  western  part  of  the  Coloradoan  trough  was  the  site  of  ex- 
tenMve  continental  deposits,  formed  by  rivers  flowing  from  the  old 
land  on  the  west  (map.  Fig.  1704).  These  formed  great  flat  plains, 
dotted  over  with  swamps,  in  which  accumulated  an  abun<lant 
vegetation  which  is  now  preserved  in  the  many  important  coal 


Fig.  1 702.  —  Ideal  section  ot  a  Tepee- Bulle,  showing  the  core  of  ( 
limestone,  the  surrounding  bedded  shales,  and  the  talus-covered  slopes. 
Gilbert  and  Gulliver,  from  Priiuiplts  of  Stratipapky.) 
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beds  of  this  region  (Fig.  1695).  The  sea  from  the  eastern  portion 
of  the  trough  inundated  these  flats  repeatedly,  so  that  deposits 
with  marine  fossils  became  intercalated  in  the  continental  ieries. 
In  Canada  extensive  continental  deposits,  chiefly  sand,  were 
formed  during  the  Cretaceous  (Bear  River,  Judith  River  and  other 
formations).    In  general  all  of  these  western  coal-bearing  deposits 


Fic.  1703.  —  Upper  Cretaceous  (Fox  Hills)  sandstone,  stiawing  crcns-bcddmg 
of  the  eoLian  type,  Wyoming  (F.  J.  Pack,  photo.). 

shade  oS  eastward  into  equivalent  marine  beds,  one  series  thinning 
as  the  other  thickens.  Finally,  the  marine  beds  were  overspread, 
far  and  wide,  by  the  continental  Laramie  sands,  which  mark  the 
final  retreat  of  the  sea  from  this  entire  basin. 

Cretaceous  Beds  of  the  tfeo- Appalachian  Trough 
The  Southern  Region.  —  In  western  Alabama  the  Cretatxous 
beds  are  about  3400  feet  thick  and  are  subdivided  as  follows : 

Sdperformation.    Eocene. 

Eiatia  and  Diseonfermity 
Cb£Tju;eous  sebies  Approximaie  Eurafea» 

Selma  chalk goo  feet  Senonian 

Eutaw  formation  • 400-500  feet  Emscheriao 

Tuscaloosan  formation  * tooo  feet  Turoniaa  and  Cenc 

Hiatus  and  Unanlformily 

SUBFORHAllON.      PalcoZoic, 

*  The  upper  put  of  the  Eutaw  ranget  Into  the  Scnoniui  and  the  upper  part  at 

~       '       o  bto  the  Emschcrian. 
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Fio.  1 704.  —  Palieogeographic  map  of  North  America,  showing  the  distributioD 
of  land  and  sea  (black)  in  Cretaceous  time.     (OrigiaaL) 
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It  will  be  observed  that  the  highest  Cretaceous  deposits  (Danian) 
are  absent  here ;  they  were  either  never  deported,  or,  if  deposited, 
have  f^;ain  been  eroded.  The  Comanchean  is  absent  too,  the 
Cretaceous  resting  by  overlap  directly  upon  the  eroded  Palieozoic 
of  the  old  Appalachian  Mountains.  This  overlap  continues 
northward  and  eastward,  so  that  in  Tennessee  and  in  eastern 
Alabama  the  Eutaw  rests  directly  upon  the  older  rocks,  as  shown 
in  the  following  diagram  (Fig.  1705). 

The  Tuscaloosa  is  a  shore  or  delta  fonnation,  and  b  probably 
in  large  part  a  subaerial  accumulation.  The  sands  are  often 
glauconitic,  and  the  clays  not  uncommonly  carbonaceous  and 
lignitic,  with  an  abundance  of  fossQ  plants.    The  Eutaw,  on  the 


Fic.  170S.  —  Ideal  section  of  the  Gulf  Coast  region  of  the  southern  United 
States,  showing  the  relationships  and  overlaps  of  the  Cretaceous  fonnations. 
(Original.) 


Other  band,  is  largely  a  marine  fonnation,  showing  the  advance  of 
the  sea  over  the  Tuscaloosa  delta.  Plant  remains  also  occur  at 
two  horizons,  and  the  marine  fossils  are  chiefly  thick-shelled 
pelecypods,  indicating  shallow  water.  The  progressive  advance 
of  the  sea  is  shown  by  the  fact  that  toward  the  northwest  and  the 
east  this  formation,  too,  is  overlapped  by  the  next  higher,  the 
Selma  chalk.  This  is  an  argillaceous,  more  or  less  sandy  limestone, 
abounding  in  Foraminifera  and  carrying  beds  made  up  largely 
of  the  thick-shelled  pelecypod  Exogyra  (Figs.  1706  fl-f).  The 
presence  in  it  of  the  rudistid  pelecjrpod  RadioliUs  auslinensis 
shows  that  the  fauna  of  the  Texas  and  southern  waters  entered 
this  geosyndine  to  some  extent  at  least.  Eastward  this  forma- 
tion is  more  and  more  replaced  by  calcareous  sands,  clays,  and 
impure  Umestones,  which  constitute  the  Ripley  formation,  while 
northwestward  much  sand  also  appears. 
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There  are  several  important  zone  fossils  which  mark  the  horizon 
throughout  this  region,  irrespective  of  change  in  hthic  character. 
The  upper  part  of  the  Eutaw  (Tombtgbee  sand)  is  characterized 
by  the  large  and  heavy  Exogyra  ponderosa  (Fig    1706  c-),  which 


Fio.  1706.  —  CreUceous  (Cretadc)  and  ypper  Comanchean  oysten  and  related 
pelecypods. 

a,  b,  Eiafyra  coitata,  Iwa  views  □(  lower  valve  (XI),  upper  divisions  of  the  Atlantic 
region ;  c,  Exagyra  pmideroia ;  lower  valve  (x  i),  Ripleyan  of  Atlantic  region,  Coloradonn 
of  UUh.  Tews,  and  Mexico ;  <f,  Grypkaa  c/siaUarii  {X 1),  Upper  COTianchcwi  (Wash- 
ita) of  Mexico,  Cretaceous  of  Atlantic  and  Coloradoui  geceynclines,  Europe;  t,  Gry- 
pkaa muiiiltilu.  both  valves  in  conjunclion.  Upper  Cretaceous  of  Atlantic  i^ion; 
/■  (.  Crypkaa  cimstra.  o[qK>site  views  (X 1),  Cretaceous  of  Atlantic  region ;  k,  Grypliaa 
muberryi  (Xi),  ColoruloaD  of  the  Colorado  geoayncline ;  i.  Oslrea  cmgesla  (XI) 
attached  to  a  fragment  of  shell  of  Inoc/ramus  dtjormis,  Coloradoan  (Niobrara)  of  Colorado 
geosyDcline ;  J,  Oitrta  fakala  (O.lana)  (Xl),  Upper  Cretaceous  o(  Atlantic  region;  k,  I, 
Oilrta  ^abta.  side  andtop  viewi  (XI),  Upper  Cretaceous  (Herreto  Lanunie)  of  Colora- 
doan  geosyacline.     (I.  F.) 

appears  here  for  the  first  time,  and  b  typical  of  this  zone.  It  is 
the  subzone  of  the  ammonite  Motloniceras  (of  the  M.  tacattum 
type,  Fig.  1707  c,  d).  The  higher  part  of  the  Selma  forms  the  zone 
of  Exogyra  costata  (Fig.  1706  a,  b),  readily  distinguished  from  the 
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lower  species  by  its  pronounced  plications.  Among  the  185  species 
of  this  zone  the  coarse  and  UngeGryphaa  vesicitlaris  (Fig.  i-jo6<i), 
the  small  plicated  oyster,  Ostrea  larva  (Fig.  17067),  and  the  belem- 
nite  BeUmniUUa  americana  (Fig.  1707  e-k)  may  be  noted.    Thislast 


-  Comanchean  and  Cretaceous  cephalopoda  of  the  Atlantic 
geosyncline. 
a,h,ScMoeiibac)iiaUanaai3l.X\)Cofatiictatii{]oint\it!Mu)  of  Texas;  e.d.Utr- 


[X  I)  Cretaceous  (Auitin  aod  Selma  chalk  o(  Gull  n^oo) ;  t-h,  Bdem- 
>  (X|),  («,  guud;  /,  I.  two  views  of  phracmocone;  jl,  view  of  the 
fity  (alveolus)  in  which  tbe  pbngmocone  rests.  When  the  latter  is 
vity  is  often  Blled  with  mud  which  on  hardening  produces  a  cast  of  the 
Creladc  ol  New  Jersey  and  the  saulheastem  and  soutbem  United 


nildia  americo* 
filling  ol  the  cB 
destroyed  the  ca 
phiagmocone). 
States.     (I.  F.) 

^)ecies  appeared  in  North  Europe  in  the  MEestrichtian  (upper 
Senonian)  and  thus  serves  for  approximate  correlation. 

The  Northern  Region.  —  If  we  now  consider  the  exposures  at  the 
northern  end  of  the  trough  in  New  Jersey,  we  find  the  series  only 
about  800  feet  thick  and  less  than  half  that  in  Maryland,  for  only 
the  thin  shore  ends  of  the  formations  of  the  trough  are  here  exposed. 
They  comprise  the  following  divisions : 
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SuFERFOSHATioN.    PalflBoccDc  (Shark  River  formation). 

CUTTACEOUS 

Manasquan  foiination 5©  ^ect  J  j^^^ 

Rancocas  formation *.    .    .    .  125  feet  | 

MonmouUi  group 150  feet    Maestrichtian 

r    .  f  Campanian 
Matawangroup '75-4oo  feet  |  ^^^^T;^ 

Magothy  formation 100  feet    Emscherian 

Hiatus  and  DisconfartnUy 
SxTBFORMATioN.    Raritan  formation. 

Here  it  will  be  seen  that  the  series  begins  with  higher  members 
than  it  does  farther  south  (Emscherian  as  compared  with  Ceno- 
manian),  showing  that  the  older  beds  are  overlapped.  But  m 
this  section  the  continental  Raritan  (Dakota),  and  Comanchean 
beds  are  present.  Here  we  find  also  the  highest  Cretaceous  division, 
the  Danian,  which  is  followed,  apparently  with  conformity,  by 
the  lowest  Tertiary  beds.  The  Monmouth  is  the  equivalent  of  the 
upper  part  of  the  Selma,  being  characterized  by  BelemniteUa 
americana  (Fig.  lyoy  e-h)  and  Exogyra  costata  (Fig.  1706  a,  b). 
The  Malawan  carries  the  Mortoniceras  zone  in  its  lower  part  and 
therefore  corresponds  to  the  top  of  the  Eutaw  and  to  the  European 
Santonian,  near  the  base  of  which  this  fossil  occurs.  Thus  the 
Cretaceous  beds  of  New  Jersey  represent  only  the  Senonian  (com- 
prehensive sense  inclusive  of  Emscherian)  and  the  Danian ;  that 
is,  only  the  upper  part  of  the  European  Upper  Cretaceous.  The 
fauna  of  these  beds  is  most  nearly  like  that  of  the  northwest 
European  Senonian,  which  would  indicate  that  if  these  American 
beds  were  deposited  in  a  geosyndine  this  opened  to  the  Atlantic 
on  the  northeast. 

The  Comanchean  and  Cretaceous  Deposits  of  the  West  Coast 

Geosyncline 

The  west  coast  geosyncUne,  located  mainly  in  California,  Oregon, 
and  the  Canadian  region  to  the  north,  was  entirely  separated  from 
the  interior  region  and  had  faunas  wholly  peculiar  to  itself  though 
of  types  also  found  on  the  west  Pacific  (Asiatic)  border.  Both 
Comanchean  and  Cretaceous  beds  are  found  here  and  the  two 
appear  to  represent  continuous  deposition  in  a  transgressing 
sea.  These  deposits  ar^  divided  (in  northwest  California)  as 
follows ; 
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CsETACEOus  or  Chico  Sesies.    . 3fi97  feet 

Massive  and  thin-bedded  saDdstones  with  conglomerates. 

CotUNCHEAN  or  SHASTA  SEKIES 

HorsetowQ  beds 6,109  feet 

Sandstones,  often   thin-bedded,  and    shales.    (Upper  pait 
tnuvtional  to  Cretaceous.) 

Kooiville  beds i9>974  feet 

Shales  with  calcareous  layen  in  the  upper  10,000  feet,  inter- 
bedded  with  sandstones  below.  

Total  Comanchean  and  Cretaceous >9iQ8o  feet  ' 

This  enormous  thickness  of  nearly  six  miles  of  strata,  all  of  which 
represent  shallow-water  deports,  indicates  a  progressive  subddence 
of  this  geosyndine,  until  when  the  last  of  the  beds  were  deposited 


Fio.  1708. —  Comanchean  species  of  AueeUa.  a  characteristic  boreal  pe- 
leorpod  of  the  PadQc  geosyndine.  a,  b,  Aucdia  crtusicoUis  (a  right  valve; 
b,  binge  of  the  left  valve);  c,  d,  A.  piixhii  (left  valve,  two  views);  t,  variety 
tmata,  both  valves  in  conjunction.     (I.  F.)     All  X  i. 

at  sea-level,  the  first  lay  at  a  depth  nearly  equal  to  the  greatest 
oceanic  depths  known  to-day.  This  also  implies  an  enormous 
amount  of  erosion  of  the  bounding  lands  on  either  side  of  the 
geosyncline.  During  this  subsidence  the  sea  transgressed  over 
the  shores  of  earUer  time,  so  that  the  various  members  of  this  great 
series  overlap  one  another.  Such  overlaps  are  well  shown  in  a 
number  of  sections. 

The  Knoxviile  beds  are  especially  characterized  by  the  pelecypod 
Aucella  piochti  (Fig.  1708  c,  rf)  in  the  lower,  and  A.  crasskoUis 
(Fig.  1708  a,  b)  in  the  upper  aooo  feet,  and  the  ammonites  Phyllo- 
ceras,  OUosUpkanm,  and  Hoplites  (Fig.  174a).  The  BorsOown 
is  without  Aucelia,  but  the  ammonites  continue  upwards,  though 
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represented  by  different  species,  while  loose  coiling  forms  {Crioceras^ 
Fig.  1748,  etc.)  also  occur.  In  the  higher  beds  occurs  Schloenbackia 
infiaia  (Fig.  1749)  also  found  in  the  European  Gault.  This 
genus  of  ammonites  is  also  well  represented  in  the  Chico  by  other 
species.  Most  of  the  fossils  of  this  horizon,  as  of  the  upper 
.Horsetown,  are  related  to  those  of  India  and  the  west  Pacific, 
while  the  Knoxville  fauna  is  a  boreal  one. 

On  Queen  Charlotte  Island  these  beds  contain  both  coal  and 
iroii  ore,  the  former  showing  that  continental  conditions  of  ac- 
cumulation existed  here.  On  Vancouver  only  the  Cretaceous 
(Chico)  beds  occur,  these  overlapping  the  Shasta  series,  although 
the  latter  is  found  to  the  east.  This  shows  that  in  Comanchean 
f  (Shasta)  time  Vancouver  was  a  part  of  the  land  mass  bounding  the 

!  geosyncline  on  the  west.    These  western  Cretaceous  beds  can  be 

traced  northward  into  Alaska,  where  they  are  also  often  coal- 
bearing. 

Tee  Cretaceous  of  Europe 
Lower  Cretaceous 

On  the  opening  of  Lower  Cretaceous  (Neocomian)  time,  much 
of  the  area  submerged  during  Jurassic  time  had  again  been  un- 
covered by  the  late  Jurassic  retreat,  when  continental  sediments 
formed  over  a  wide  area.  So  much  of  Europe  had  been  uncovered 
that  regions  where  the  late  marine  Jurassic  is  immediately  succeeded 
by  early  marine  Cretaceous  are  found  only  in  a  few  localities,  es- 
pecially in  the  Mediterranean  basin  (Alpine  region)  and  central 
Russia.  Such  a  continuous  series  of  marine  deposits  has  also  been 
thought  to  exist  in  eastern  England  (Speeton  clay),  but  it  seems 
more  probable  that  there,  too,  a  hiatus  exists  between  the  Jurassic 
and  Lower  Cretaceous. 

The  Lower  Cretaceous  of  Europe  was  characterized  by  con- 
tinental deposition  or  by  erosion  over  the  emerged  areas  and  by  a 
,  slow  transgression  of  the  sea  from  the  persistent  marine  centers 
(Mediterranean,  Central  Russia,  etc.)  over  the  land,  successive 
members  of  the  series  thus  coming  to  rest  by  overlap  either  upon 
the  eroded  land  surfaces  or  upon  the  continental  deposits. 

The  Continental  Deposits.  — ^These  are  best  known  from  southern 
England,  where  they  are  exposed  in  the  center  of  the  great  eroded 
anticlinorium  of  the  Weald.  From  their  occurrence  there  these 
deposits  are  called  the  Wealden  formation,  and  they  are  essentially 
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dmilar  in  character  and  in  age  to  the  American  Morrison  formation. 
The  Wealden  was  largely  formed  by  rivers,  the  prindpal  one  of  which 
probably  came  from  the  west  or  southwest  along  a  line  somewhat , 
to  the  west  of  the  present  English  Chamiel,'  while  others  came  from 
a  more  northwesterly  direction  (Fig,  J709),  It  consists  of  sands  at 
the  base,  followed  by  clays,  and  the  whole  is  several  thousand 
feet  thick  in  its  maximum  development,  thinning  away,  as  such  de- 
posits always  do,  in  a  more  or  less  radial  manner  from  the  head 


Fic.  1709.  —  Viewat  Tunbridge  W«lls,  England,  showing  the  Upper  Tunbridge 
Wells  sand  capped  by  Wealden  clay.     (Miss  M.  C.  Oossiield,  pboto.) 

of  the  fan  except  where  it  was  banked  against  cliffs  which  existed 
at  that  time.  These  deposits  enclose  remains  of  plants  and  fresh- 
water shells  {Unto,  Paludina,  etc.,  ante, pp.  51,  51)  and  the  bones  of 
dinosaurs.  In  one  case  (Isle  of  Wight)  a  raft  of  coniferous  trees 
is  enclosed  in  the  Wealden  clay,  similar  to  rafts  found  in  the  sands 
and  days  of  some  modem  rivers,  and  the  entire  deposit  may 
perhaps  be  compared  with  the  Indo-Gangetic  plain  of  northern 
India  or  the  great  Hood-plain  of  the  Yellow  River  of  China.  (See 
ante,  p.  467,  Ft.  1).  Similar  river  deposits  were  forming  in  north- 
eastern Spain  (northern  Aragon  and  Old  Castile),  where  this  old 
flood-plain  covers  an  area  of  more  than  3000  square  kilometers  and 
reaches  a  maximum  thickness  of  1000  meters  (map.  Fig.  1714). 
'  From  niaaiucript  by  M.  O'Cocadl. 


712  The  Cretaceous  Systems 

Deposits  of  this  type  also  accumulated  in  northern  Gennany 
and  Poland,  but  these  were  largely  derived  from  the  old  Vin- 
delician  land  mass  of  central  Europe  which  still  existed  and  had 
even  become  enlarged.  In  these  deposits  thin  coal  seams  are 
sometimes  found. 

The  Marine  Series.  —  In  Lower  Cretaceous  time  Europe  was 
divided  by  the  Vindelidan  land  mass  and  its  eastward  continua- 
tion into  a  northern  or  boreal  marine  basin,  centering  in  Russia, 
^^  and   a  southern   or  Mediterranean   basin 

which  included  the  Balearic  basin  and  which 
was  apparently  in  communication  with  the 
Atlantic  across  southern  Spain  (map,  Fig. 
1714).  These  Mediterranean  waters  were 
characterized  by  a  fauna  in  which  peculiar 
thick-shelled  pelecypods  {Requitnia,  Fig. 
1710;  Moffopleura,  Fig.  1711)  predomi- 
nated, types  which,  as  we  have  seen,  are 
_  also  found   in   the   Gulf   deposits  of   the 

Fio.  1710. — Seqmenia  American  Comanchean,  which  was  in  con- 
ammoiUa  (xt),  t.  I-ower  tinuous  connection  across  the  Atlantic  with 
the  Mediterranean.  These  organisms  fre- 
quently occurred  in  enormous  numbers, 
forming,  together  with  calcareous  algte  and  Foraminifera,  reef- 
like  structures.  Such  reefs  are  now  recognizable  in  the  Lower 
Cretaceous  series  of  southern  Europe  as  white,  pure,  and  struc- 
tureless masses  of  limestone  embedded  in 
more  normally  stratified  limestones  of  the 
same  age.  On  account  of  their  massive 
character  the  later  erosion  has  left  them  as 
peaks  and  ridges,  while  solution  has  honey- 
combed them  with  grottos  and  caves. 

As   the    Mediterranean   waters   advanced 
northward,  the  successive  members  of  the 

Lower  Cretaceous  series  overlapped  one  an-       pio.  1711. Utm«- 

other  in  that  direction.  Thus  the  Berriaaan  ^feura  Irifaiaa  (slightly 
a„d  Valanginian  are  found  only  in  »uth-  'J^J;^ '^^^i™ 
eastern  France,  the  Hauterivian  which  overlies  European  pdecypod. 
these  extends  to  Burgundy,  Champagne,  and 
the  Loire  region,  while  the  Barremian  next  above  extends  into  north- 
em  France  where  the  Aptian  also  occurs.    This  relationship  is  dia- 
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grammatically  represented  in  Fig.  17 12.  The  north  Spanish  delta 
was  covered  by  the  sea  in  Albian  time,  for  marine  deposits  of  this 
age  are  the  first  to  rest  upon  the  continental  beds  except  where  these 
are  not  present  (northwest  Teruel),  when  the  marine  Albian  rests 
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Fig.  1 71 2.  —  Ideal  section  from  southeastern  England  to  southern  France, 
showing  the  overlaps  of  the  Lower  and  Upper  Cretaceous  beds  (Comanchic 
and  Cretacic),  on  the  Wealden  and  the  old  basement  rocks.  Vertical  scale 
greatly  eicaggerated.    (Original.) 


directly  and  disconformably  upon  the  eroded  Jurassic.  The 
southeastern  portion  of  the  Castilian  delta  in  Catalonia,  however, 
was  covered  earlier  by  the  transgressing  sea,  for  there  Barremian 
marine  beds  rest  upon  the  continental  deposits  (Fig.  17 13).    The 


Fig.  17 13.  — Ideal  section  showing  the  overlaps  of  the  Cretaceous  (Coman- 
chic and  Cretacic)  beds  upon  the  Castilian  alluvial  fan  (Wealden  type)  of 
northeastern  Spain.  Note  that  Barremian,  Aptian  and  Albian  rest  succes- 
sively on  Wealden.     (Original.)     Compare  with  English  Wealden,  Fig.  171 2. 


Wealden  delta  of  England  ;was  covered  in  Aptian  time  by  the 
Lower  Greensands,  which  are  followed  by  the  Albian  or  Gault 
days.  This  transgression  extended  beyond  the  area  of  the  Weal- 
den deposits,  and  in  some  parts  of  England  these  later  Lower 
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Cretaceous  marine  beds  rest  directly  upon  the  eroded  surface  of 
the  Jurassic, 

About  this  time  the  southern  sea  became  confluent  across  northern 
France  and  southeastern  England  with  the  northern  sea  which  had 
transgressed  from  Russia  across  northern  Germany  to  eastern  Eng- 
land (Figs.  1714,  1715)- '  Phosphate  deposits  are  commonly  found 
near  the  base  of  the  series.  Into  this  sea  sands  were  washed  from 
the  Vindelidan  highland  on  the  south,  while  days  accumulated 


^H 

ir*^;  J 

^W- 

m^^^^. 

FlO.  1714.  —  Palfeogeographic  map  of  Europe  showing  the  distribution  of  land 
and  water  (black)  in  Barreraian  time.     (Modified  after  Hsug  and  others.) 

away  from  the  shores  of  that  sea.  The  fauna  of  this  basin  is  dis- 
tinct from  that  of  the  Mediterranean,  and  occurs  throughout  the 
deposits  in  eastern  England,  northern  Ormany,  Poland,  and  central 
and  far  northern  Russia.  It  is  a  boreal  fauna,  with  Aucella  and 
ammonites  similar  to  some  of  the  west  American  types. 

■  It  must  be  remembered  that  lome  authorities  hold  that  the  sea  never  wboDy  re- 
treated from  this  region,  —  they  believe  that  the  SpeetoD  days  of  eaatem  EngUod 
represent  continuous  marine  conditions  from  late  Jurasuc  through  Lowei  Cretaceoua 
time.  They  also  hold  that  these  deposits  were  fonncd  in  an  arm  of  the  Aictic  Sea  wMdi 
extended  southward  along  the  present  North  Sea  Channel,  parallel  to  another  aim  of 
this  sea  in  Russia  west  of  the  Urals,  and  that  no  direct  connection  existed  across  north 
Germany.  Further  investigation  is  required  before  these  palcogeographic  madit>mi 
can  be  fully  delermined, 
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The  great  retreatal  movement  of  the  sea  which  occurred  at  the 
end  of  Comanchean  time  in  North  America  is  not  indicated  in- 
western  Emvpe,  but  seems  to  have  taken  place  m  northern  Russia 
and  northern  Asia. 

Tke   Upper  Cretaceous  (Cretacic)  of  Europe 

It  is  possible  that  the  dose  of  the  Lower  Cretaceous  was  marked 
by  a  more  extensive  shoaling  and  retreat  of  the  sea  than  is  now 
recognized  in  Europe,  where  certain  formations  (e.g.  Gault  clay) 


Fig.  1715.  —  Pabeogeographic  map  of  Europe,  showing  the  distribution 
o(JaDd  and  water  (black)  in  lower  Aptian  time.     (Modified  after  Kilian  and 

at  thb  horizon  may  represent  the  combined  deposits  of  a  retreat- 
ing followed  by  an  advancing  sea,  as  does  the  Dakota  sandstone 
in  America.  In  any  case,  with  the  opening  of  the  CreUceous  in 
Cenomanian  time  Europe  suffered  a  widespread  transgression  of 
(he  sea,  and  many  regions  not  flooded  during  the  preceding  period 
were  now  slowly  submerged.  This  brought  with  it  an  overlap 
of  the  successive  fonnations  shown  in  the  following  diagram  of 
the  Cretaceous  deposits  of  Great  Britain  (Fig.  1717).  This,  too, 
shows  the  progressive  migration  of  the  fades,  so  that  the  suc- 
cession in  the  kinds  of  rode  in  the  two  end  sections  is  essentially 
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the  same,  but  each  one  of  the  beds  in  Ireland  begins  at  a  h^her 
horizon.  Thus  the  basal  conglomerate  and  sand  zone  is  of  Aptian 
age  in  southeastern  England,  but  of  Cenomanian  age  in  Ireland. 


Fic.  171G.  —  Pabeogeognpbic  map  of  Europe  sbowiiig  the  probable  db- 
tributioQ  of  land  and  water  (black)  in  CeaomaoiaQ  time.    (Modified  »fter 

Hatig  aad  others.) 

The  next  zone  of  glauconite  sands  and  marb  b  of  Albian  age  in 
southeastern  England  but  of  Turonian  age  in  Ireland.  Again  the 
zone  of  marls  and  glauconite  and  argillaceous  chalk  is  of  Ceno- 
manian  age  in  southeastern  England,  but  of  lower  Senonian  in 


Fig.  1717.  —  Ideal  section  from  southeastern  England  to  noTtheastem 
Ireland,  showing  the  overlaps  of  the  Cretaceous  strata  and  their  change  m 
facies.    (Original.) 
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Fig.  1718.  — Chalk  cMs  of  the  south  coast  of  EngUnil,  ibowing  the  stratified 
chancter  of  the  Chalk,  and  the  vertical  cliffs  due  to  jointing  aod  to  vigorous 
wave  attack  at  the  base.    View  from  Peverel  Point,  Swanage. 

northeastern  Ireland.     Finally,  the  White  Chalk  begins  in  the 

Turoniaa  in  England  but  not  until  the  upper  Senonian  in  Ireland. 

The  challc  b  one  of  the  most  characteristic  deposits  of  the 

Cretaceous  of  northwestern  Europe,  and  has  given  its  name  to  the 


Fic.  i7ig.  —  Chalk  cliffs  bet«reen  Mers  and  the  Ault  (Somme),  France. 
(After  Haug.) 
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formation.  It  is  to-day  seen  in  the  cliSs  of  the  English  and  Fruich 
Channel  coasts  {Figs,  aoi,  p.  279,  713,  p.  807,  Pt.  I ;  Figs.  1718, 
17 19) ,  and  in  many  inland  and  North  Sea  coast  sections  (Fig.  1720) , 
but  its  modem  distribution  covers  only  a  small  part  of  its  former 
extent.  It  is  not  imjxissible  that  the  greater  part  of  England,  includ- 
ing Wales,  was  at  one  time  covered  by  this  foimation.  Chalk,  as 
has  already  been  explained  (p.  278,  Pt.  I),  is  the  product  of  the 
accumulations  of  vast  numbers  of  minute  foraminiferal  shells,  of 


Fio.  1730.  —  Cliff  of  Cretaceous  strata  on  the  coast  of  Norfollt,  England. 
At  the  base  is  the  Lower  Greensaad  followed  by  the  Hunstanton  Red  Rock 
(redchalk),  while  the  mun  part  of  the  cliff  isformedof  the  white  chalk.  (From 
Lake  and  R&staU.) 


fragments  o£  the  same  and  of  the  calcareous  plates  called  cocco* 
liths,  etc.  (probably  of  algous  origin).  The  chief  organisms  of  the 
chalk  are  of  types  which  to-day  live  in  shallow  water,  and  this 
fact  and  the  remarkable  overlap  relations  outlined  above  dearly 
indicate  that  these  beds  were  laid  down  in  a  comparatively 
shallow  tran^essing  sea,  and  not  in  abyssal  depths  as  is  the 
case  with  the  best  known  modem  foraminiferal  deposit,  the  Gtobi- 
gerim  ooze  {ante,  p.  275,  Pt,  I).  The  fact  that  the  White  Chalk 
is  practically  without  terrigenous  material  indicates  that  the 
shores  of  the  land  over  which  the  sea  was  transgressing  were  so 
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low  that  they  did  not  funiish  material  of  this  type.  Mingled 
with  the  calcareous  matter,  however,  were  the  silidous  spicules 
of  sponges  .and  probably  to  some  extent  nidiolariaQ  shells  as  well. 
Th^e  silidous  particles  have  since  been  dissolved  by  waters  drcu- 


Fio.  1731.  —  Maa^ve  cross-bedded  sandstone  of  the  Cretaceous  (Quader- 
sandatuu).    Altvater  hills,  Gemuny.    (After  Walther.) 

lating  throi^h  the  chalk  and  the  silica  has  been  redeposited  at 
certain  leveb  in  the  fonn  of  bands  of  flint  nodules.  At  various 
horizons  in  the  Chalk  series  layers  are  found  which  contain  the  shells 
of  pelecypods,  the  tests  of  sea-urchins,  and  other  organisms,  but  the 


Fig  1733  —  Section  m  a  quarry  at  Kahlebusch  near  Dresden  Saxony, 
abowiDg  the  nature  of  the  contact  between  the  Cretaceous  and  the  cnstallines 
The  old  rock  is  a  basic  porphyry  pimeplan'?d  but  with  scattered  pothole-like 
holknra  irfiich  are  filled  vrith  sand  and  worn  boulders  of  the  porpjiyry.  The 
walls  are  smooth  but  irregular  and  Cretaceous  oysters  are  attached  to  them  in 
places.  Among  the  boulders  occur  Cenomanian  sponges  and  other  organisms. 
(From  the  author's  field  notes  —  published  by  M.  O'Connell,  An.  Mus.  Nat. 
Hist.  BuU.) 


720  The  Cretaceous  Systems 

bulk  of  the  Chalk  consists  only  of  minute 
I   shells  or  of  clastic  lime  particles. 

The  Cenomanian  transgression  of  the 
sea  is  everywhere  marked  in  Europe  by 
the  overlap  of  this  or  the  succeeding 
divisions,  so  that  they  rest  dJrecUy  upon 
the  older  rocks,  even  upon  the  crystal- 
lines (Bohemian  border).  In  many  cases 
extensive  deposits  of  sand  characterized 
the  lower  divisions  of  the  Cretaceous, 
this  being  especially  so  in  the  Bohemian 
region  and  the  adjoining  district  of  Ger- 
many (Quader  sandstone).  Such  are  the 
sandstones  from  which  the  picturesque 
erosion  monuments  along  the  River  Elbe 
south  of  Dresden  are  carved  which  have 
given  this  region  the  name  of  the  "  Saxon 
-  Hipptirius  Switzerland  "  (Figs.  341  a,  6,  p.  408,  Pt,  1, 
:,  large  valve  with   F^.736,p.s)-    This  sandstone  sometimes 

two  buds.  (After  d'Orbigny.)   ^^^^   cross-bedding  of   the    torrential 

type  (Fig.  1721).     In  the  region  now  occupied  by  the  Carpathian 

Mountains,  great  deposits  of  sands  {Flysch  fornuUion)  formed  in 

shallow  water  along  the  border  of  the  mid- 
European  continent,  and  in  some  sections  of   1 

north  Europe  sand  was  the  dominant  type  of   ' 

deposit   during   Cretaceous   time,    limestones 

forming  only  a  subordinate  part  of  the  whole. 

Frequently  the  series  begins  with  coarse  boulder 

conglomerates  which  rest  directly  upon  the  old 

crystalline  rocks  (vicinity  of  Dresden,  Bohemia, 

etc.)  or  in  erosion  hollows  in  these  (Fig.  172a). 

It  is  a  remarkable  fact   that   these  boulder 

masses  often  enclose  well-preserved  brachio- 

pods  and  oyster  shells,  as  well  as  sponges, 

many  of  which  appear  to  have  lived  among 

the   boulders  on   the  old  sea-bottom.     The  , 

limestones  contain   chiefly  oysters,   sponges,  Upper  Cretaceous, 

and  other  shallow-water  organisms.  southern  Europe. 

Throughout  Cretaceous  time  the  Mid-European  (VindeUcian) 

land  mass  divided  Europe  into  a  northern  and  a  southern  marine 
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Fio.   1735.  —  Caprina  aiguUhni  side  view  and  interior  of  smaller  valve. 
(After  d'Orbigny.) 

basin,  the  latter  (Tethys),  occupying  the  region  of  the  modem 
Mediterranean,  extended,  however,  beyond  its  present  shores  while 
the  northern  basin  covered  much  of  Russia,  Poland,  Germany, 
the  north  of  France,  Belgium,  the  Netherlands,  and  England.    It 


Fio.  1716.  —  Section  showing  the  interfinKcrinE  of  the  Turonian  Hipputite 
limestone  (heavy-bedded  layera  at  top)  K-Uh  the  torrential,  cross-bedded 
conglomerate  of  the  same  age.  At  the  debouchure  of  the  Rhone,  France. 
(After  Haug.) 
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was  in  this  northern  sea  that  the  chalk  accumulated  and,  in 
Senonian  time  at  least,  a  connection  witli  the  Atlantic  seems  to 
have  existed,  for  the  northern  Senonian  fauna  of  Europe  is  also 
found  in  the  Atlantic  coast  deposits  of  North  America. 


Fig,  1727.  —  Gorgcof  theGosau  River  in  southern  Germauy  in  the  northern Ume- 
stone  Alps.     This  is  a  typical  locality  for  the  Gosau  betb  of  Cretaceous  age. 

The  Southern,  or  Mediterranean,  Sea,  on  the  other  hand;  was 
the  site  of  great  limestone  accumulations,  which  were  often  largely 
composed  of  the  coarse  rudlstid  and  related  shells,  especially  of 
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the  geoeia  Hippurites  (Figs.  1733, 1714),  RadiolUes,  and  Coprina 
(Fig.  1715).  These  RudisUs  are  sometimes  found  intercalated  be- 
tween torrential  river  depodts  of  the  same  ^e,  showing  that  they 
lived  in  shallow  water,  near  to  the  shore  of  the  time  (Fig.  1736). 
The  fact  that  some  of  these  fonns  are  found  in  the  Cretaceous  de- 
posits of  the  West  Indies  and  elsewhere  in  the  American  Gulf 
region  embayment  shows  that  transoceanic  migration  was  possible 
between  Europe  and  America.  Another  northern  shore  facies  of 
this  sea,  consisting  largely  of  shales  and  marb,  is  typically  exposed 
in  the  Gosau  gorge  of  the  Eastern  Alps  (Fig.  1727). 

In  tbe  southeastern  part  of  the  Tethys  sea  (Egypt)  the  Cretaceous 
begins  with  a  sandstone,  which  rests  transgressively  upon  the  older 


Fig.   1738.  —  Nubiaa  sandstone  resting  on  decomposed  igneous  rock.  Second 
Cataract  of  the  Nile,  Soudan. 

rocks  and  rises  in  age  southward,  i.e.  in  the  direction  of  sea  tran^res- 
sion.  This  is  the iVu&Kin  sanditofM  (Fig.  1728),  from  the  disintegra- 
tion of  which  the  sands  of  the  Libyan  desert  are  largely  derived. 

Chabactesistic  Osganic  Remains 

Haiine  InrertebfatM.  —  Foraminifera  are  abundant  in  both  Conundieui 
and  Cretaceous  rocks,  especially,  as  we  have  se«n,  in  the  chalk.  As  they  are  of 
microscopic  dimensions,  they  are  not  usually  recognized  except  in  thin  sections. 
In  the  challt  the  commonest  forms  are  Textutaria  (Fig.  1719  a)  and  RotaiM 
(Fif.  1719  b),  but  QumeiQus  other  fonns  occur.    ^onfM  are  very  abuoduit 
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Fic.   1739. — Section  of  chalk  show-  Fia.    1730. — Jereka  fdystoma, 

iag  characteristic  fossils,    a,  Taluiaria,      part  of  spiculai  skeleton  of  ■  sili- 
b,  Rotaiia.  dous  sponge  of  the  CreUceous. 


Fic.  1731.  —  Ciacinopora  mfimdi- 
buiiformis  (slightly  reduced).  Upper 
Cretaceous  (Senonian)  silicious 
spoDge. 


Fig.   1733.  —  Cahptychium  atari- 
FiG.  1731.  —  VenlrkiUiks  simplrx.     A      coides    (XJ),    an   Upper    Cretaceous 
silicious  sponge  of  the  Cretaceous.         (Senoniao)  silicious  spoDge, 
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in  the  Eut«p«ui  CreUceous,  but  they  are  difficult  fossils  to  deteimine.  Most 
characteristic  are  the  peai'Shaped,  long  or  short  sLemined  genera,  Sipluma, 
JereUa  (Fig.  1730),  etc.,  and  especially  the  atriking  bealcer-shaped  Venlrkulilts 
(Fig.  ijii)  naiiCpsciticpora  (Fig.  1731).  and  the  mushroom-shaped  GriofiJ^A'"™ 


^-  -.: 


[734.  —  Attinoslrotnaria  sldhla  (Xi).     Cenomanian  3tromatopor<nd. 
Ik  Madame  (Charente-Inftrieure,  France).    (After  Haug.) 


Fic.  1735.  —  Cretaceous  Bryozoa.  a,  PUifascigera  megara,  top  and  side 
views  (X9);  b.  Discoiparsa  variata,  enlargement  of  surface  (X6);  c,  Bijtustra 
torla,  surface  (XTo)i  d.  t,  OnychoccUa  digitala,  auttace  (Xio);  aod  ungle 
n{Xis).    All  Upper  Cretaceous  of  Atlantic  province.    (I.  F.) 
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(Fig.  1733}.  Sponges  ate  not  common  in  the  American  Cretaceous.  What 
appears  to  be  the  last  of  the  Stromatoporoids,  occurs  in  the  CcDomanian  of 
Europe  (Fig.  1734).    Corali  are  seldom  abundant  and  not  very  cbanctcristk. 


Fia.  1736.  —  RkyHchoneUa  tetptrlHio,  Upper  Cretaceous  of  Europe. 


Fig.  1 737.  —  Comonchean  and  Cretaceous  Bradiiopoda. 

a-c,  Ttrtiraldla  pKcata;  Upper  Cretaceous  Atkntic  province  (d,  aide  view,  ft,  doml 
view  (X!),  c.  inlerior  o(  brachial  valve  enlarged);  d-f.  Terebratida  harlain  (Xj),  op- 
posite views  and  interior  of  brachial  valve  showing  hap,  Upper  Cretaceous  Atlantic 
Coast;  t-K  Tertbralulina  allaiUica  (XJ),  Upper  Cretaceous  Atlantic  Coast  province; 
i-j,  KtHgam  tBOioentii,  front  and  ude  views,  Washita  of  Texas  and  Vancouver.    [I.  F.) 


i7jg.  —  Thecidium  digilalam,  an  Upper  Cretaceous  European  brachiopod. 
Interiors  of  opposite  valves  and  entire  shell  in  center. 
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but  Brjoioft  abound  in  many  sections,  especially  the  order  Chilostomata 
(Fig.  173s).  They  require,  however,  careful  microscopic  study  tor  their  deter- 
minatioD.  Brmchlopods  are  not  common  except  locaJly  where  the  rhyncbo- 
nelloid  and  terebratuloid  types  predominate  (Figs.  1735-1738).    Very  char- 


Fic,  1739.  —  Paten  asper  (slightly  reduced).    The  characteristic  pelecypod 
of  the  lowest  beds  (Cenomaniau)  of  the  Cretaceous  of  Europe. 

aeteristic,  however,  are  tbepeleCfpods,  especially  theoj^ters,  including  Cryphaa 
and  Eiogyra,  of  which  the  smaller  ahd  more  strongly  curved  abound  in  the 
Comancheaa  and  the  larger  coarser  forms  in  the  Cretaceous  (see  Figs.  1693, 1706, 
and  1740-1741).     Aticella  (Fig.   ijo8)  is  characteristic  of  the  boreal  Coman- 


Fic.  iyv>.^ Inecerainui brmgtiiarti  Fic.     1741.  —  tnm,eromus     ettvitri 

(X)),  Cretaceous  (Turonian)  of  Eu-  (XJ).  Cretaceous  (TuroniaD)  of 
rope.  Europe. 

chean  and  Inoceramm  (Figs.  1696a-/)  of  the  Cretaceous  as  a  whole.  Some 
of  these  shells  may  grow  to  a  length  of  several  feet  and  are  important  lime- 
stone makers.  Most  striking,  however,  are  ihe  rudistid  pelecypods  charac- 
teristic of  the  Mediterranean  and  Gulf  Cretaceous,  Requienia  (Fig.  1710)  and 
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Fic  1741  — Comanchean  ammonites  of  the  Pacific  gcosyQcliQC 
o-c,  Fkyttocerat  iHuixnIltnse.  two  vi«ws  (X  I),  and  suture,  KooiviUe ;  d,  Oleoiltpkaiua 
laganiatius  (X|).  Queen  Charlotte;  e,  0.  froiJW  (Xf),  Horaetown;  f,  LyUiectni  kyalH 
(X|),KnoivilIe.    (l.F.) 


Fig.  1743.  — Okoslephanus  asUerianui.    Comanchean  (HBUteriviao)  of  Europe, 
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Fig.  1744. — Hoplites 


Comanchnn  (Hauterivmn)  of  Europe. 


itonopleura  (Fig.  1711)  predominating  in  the  Comanchean  (Lower  Cretaceous), 
and  Hippuiita  (Figs,  \^ti-\^n),  and  Caprina  (Fig.  17*5)  in  the  Cretaceous. 
GastropodB  though  locally  abundant  are  kss  significant  as  index  fossils, 
re  still  abundant,  but  they  are  chiefly  represented  by  highly  orna- 
mented forms  (ribbed,  fluted, 
noded,  or  spinose),  or  by  types 
which  in  the  adults  have  partly 
or  entirely  lost  the  power  of 
coiling.      Among    the    Lower 
Cretaceous    types   may   espe- 
cially be  mentioned  Pkyllocerat 
(Hg.  1741  a-c),  OkotttphaiMtt 


Fio     1746  — MatroxophiUs   leanj,    Co- 

manchean    of    Europe.      The   adult    stage  enterici,   Comanchean   of    Eu- 

shows  a  non-coiling  character  with  tenninal  rope.    This  is  a   loose^niling 

lecurvature.  sfnnous  form. 


The  Cretaceous  Systems 


Fig.  1748.  —  Loose-coiling  (d^enerate)  ammonites  of  the  Comanchean  of 
the  Pacific  geosyncline.  a,  Crioceras  latum  (X}),  Knoiville;  b,  Aneyl<Ktm 
ftrcmtatum  (X}),  Knoxville  and  Hotsetown. 


Fig.  lu^.  —  SeUoenbachia  ingala  (X  J),  a  Lower  CreUceous  (Gault) 
of  Europe.    Horselown  of  western  North  America, 
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(Fig.  1741  (f,e,  1743),  and  th£  less  omamented  Baplite!  (Fig.  1744),  and  further 
the  genera  Crioceras  recognized  by  the  loose  coils  (Fig.  1747,  1748),  and 
Uacroscapkilei  (Fig.  1746).  Characteristic  Upper  Cretaceous  genera  are ; 
ScUoetibaclna  (Figs.  1707  a,b,  1749,  1750),  highly  ornamental  species  of  Ho^ilu 
(Fig.  i74S),  DouvilUkcras  (Fig,  1751)1  Mortimkctiu  (Fig.  1707  e,<I),  Aeon- 
Uiocerai  (Fig.  1751),  and  ScafhiUs  (Fig.  i6g8  f-k),  with  the  last  nhorl  curved 


Fio.  1750.  —  ScUoetibacMa  crislala,  two  views  and  suture  (Gault),  of  Europe 

(France,  elc.).     (After  d'Orbigny.) 

at  a  greater  spiral.  Other  forms  are  the  irregularly  coiled  or  twisted  Hamittt 
(Fig.  17540),  HeleriKeras  (Fig.  i7.S4e-g>i  Ptychoctras  (Fig.  17S4W).  etc.,  and 
Bacviites  (Fig.  1698  a-e),  a  straight  form,  except  for  the  tiny  apical  coil.  Large, 
laterally  flattened,  close-coiled,  and  mostly  smooth  ammonites  with  the  suture 
highly  complex  [Placenticent,  Fig.  1755),  or  of  ceratitic  character,  by  retarda- 


Fig.  I j St.— .Dtmmliekeras  matinmll<ire,  Comanchean  (Gault)  of  Europe, 
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tioD  (Spkenodiscui,  Eagonoccras,  etc.,  Figs.  iTStc-j)  also  occur  b  the  higher 
CreUceous,  The  belemnites  an  still  well  represented,  esfKcially  by  the  flat- 
tened or  grooved  Duimlia  (Fig.  1757)  in  the  Lower,  and  the  mucronately 
pointed  Bdemnilella  (Figs.  I^oJe-h,  17SS)  in  the  Upper  Cretaceous.  Hautiloids 
are  wholly  represented  by  the  Nautilus  group  of  dose-coiled  shells  (Fig.  1 760). 


Fig.  175a.  —  AcanAocerat  T 
geme  (XJ),  Cretaceous  (Cen 
of  Europe. 


Fio.  1753.  —  TurritUes  eaUnatiu, 
bottom  and  side  views.  (After 
d'Orbigoy.)  (This  type  coils  after  t^ 
manner  of  a  left-handed  gastropod.) 


Many  of  these  still  have  simple  NaulUui  sutures,  but  at  the  very  close  of  the 
period  a  form  with  an  undulating  suture  arose  (Hercoglossa  daxica,  Fig.  1761), 
Among  the  Crustacea  decapods  (crabs,  etc.,  Fi^.  1762)  are  most  frequently  rep- 
resented, though  Ostracods  and  other  classes  are  not  uncommon. 

Among  the  echinoderms,  the  echinoids  or  sea-urchins  are  the  principal  index 
fossils.    They  comprise  mostly  the  irregular  forms  which  show  distinct  bilateral 
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Fig.  1 754.  —  ConuncbeaD  and  CreUceous  ammonoids,  which  show  old-age 
characteristics,  especially  in  the  loss  of  the  power  of  coiling.  These  <iar- 
acteristics  appeared  in  many  unrelated  genera,  indicating  that  the  race  as  a 
whole  was  on  the  decline.     All  ammonites  became  extinct  at  the  end  of  the 

a,  Bamilti  ebilrUlui,  Lower  Cretadc  (Coloradoan)  of  the  Vancouver  Islands  group 
(Xf);  b,  c.  TirritiUi  brateiiuis  (Xf),  (i,  apical  whotls.  loosely  coiled  like  a  gastropod ; 
t,  portion  of  an  adult  whorl),  Comanclu'c  (WashiU)  of  Texas;  d,  tldicBcerai  slevKUtni 
(Xf)  (the  final  whorl  o{  this  form  usually  stnightensout  like  ffanifci),  Cretadc  (Pierre) 
of  the  Black  Hills;  t,J.  Ilelerauras  {Didyvtocerai)  nmloni,  fragment  (X?)  aad  suture 
(X|),  Cretadc  (Pierre)  of  the  BUck  Hills;  (,  tltleroctras  {DidymSctrai)  lorltm  (Xi). 
Cretadc  (Pierre)  of  the  Black  Hills ;  A,  Plyckoceras  meekanum  (X^),  and  i,j.  PlyckBcerat 
{Oxyhdactrai)  criumm{X^),  forms  smilar  to  Hamilfshal  having  the  whorls  in  contact, 
Cretadc  (nene)  of  the  Black  Hills;  k-nt.  Ht'kancydus  a^ieoilalus,  top  and  side  views 
of  spiral  of  a  small  individual  (Xf),  and  suture  much  enlaiEed,  Cretadc  (Chico)  of 


Cretaceous  (Montanan)  ammonites. 


a,  b,  Piacaitkeras  vliitfitldi  (X  )>,  front  and  lateral  views,  Cretacic  (Pierre)  of  Ne- 
braska, South  Dakota,  and  Cok>rado;  c-t.  Plaienlktriu  ittleicaiare.  front  and  laten] 
views  (X 1).  and  suture  enlused,  CreUdc  (Pierre)  of  Black  Hills.    (I.  F.} 
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symmetry;  a  numb«i  at  these  are  illustrated  in  Figures  1763-1765.  Two  cri- 
noids  also  were  commOD  io  the  Cretaceous  bedsof  certain  localities,  both  without 
Stems  and  apparently  of  a  floating  habitat.  These  were  the  European  Martu- 
pilts  (Fig.  1766)  and  the  American  Uinlacrinas  (Figs.  1767,  i;68)  which  some- 
times coveis  huge  slabs  of  rock  in  euonnous  numbeis. 

Vnsh-yntei  InvertebiateB.  —  These  comprise  genera  of  Mollusca  still  living, 
such  as  the  fresh-water  mussel.  Unto  (Fig.  1769  p-l),  and  the  snails  Ympana 


ml,  1 


a-d,  UeUngoicriu  dambiii  (X)}.  a  Aat.  lens-shaped  iorm  with  angular  venter  and 
simple  leaf-like  sutures.  Coloradoan  oi  Tbos;  e-k.  Spheitodiicus  pleurisilHa  (Xi), 
Coloradoan  of  Texas  and  Mis^ssippJ:  i.  },  EngBtmceras  pierdiHoU  (X)),  Conunduc 
(Fredericksburg  of  Tcms);  *-h>.  PtoUnsomKHas  gahbi  (Xi),  with  the  venter  marked 
by  two  ridges  fonning  a  keel,  Comanchic  (Fredericksbutg)  ot  Merico.    (I.  F.) 

(Fig.  17691-j),  Planorbis  (Fig.  i769»i-o),elc.  The  mbute  bivalved ostracod 
crustacean  Cypridea  (Fig.  1780)  b  also  characteristic  of  many  fresh- water  de- 
posits of  the  Cretaceous. 

Land  Plants  end  Insects.  —  In  the  terrestrial  deposits  of  the  Comandiean 
(Morrison,  Wealden,  etc.)  cycads,  conifers,  and  ferns  were  the  principal  types, 
the  higher  angiospermous  plants  still  beJnt;  wanting.  The  higher  plants  appear 
rather  abruptly  towards  the  close  of  the  Lower  Cretaceous  (Dakota  of  America, 
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Gault  of  Europe)  and  possess  almost  from  the  beginniDg  an  astonkhing  like- 
ness to  modem  types.  Here  we  find  representatives  of  the  beech,  oalc,  tulip 
tree,  maple,  masooUa,  sassafras,  willow,  eucalyptus  (now  confined  to  tropical 


Fio.    1759.  —  AcUn^ 

Fig,    iJSJ.  —  Bdem-  Fic.    1758.  —  Sefem-      camax  quadrata  (siighHy 

niles  (Dtaalui)  dilaiaius,      niteUa  mucromUc  (XJ),      reduced).  Upper  Creta- 

Comanchean  of  southern      Vppa  Cretaceous  (Se-      ceous  (Senonian)  of  Eu- 

Europe.  nonian)  of  Europe.  rope. 


Fio.  1760.  —  Cretaceous  nautiloid  cephatopods.  a,  Cym^oceras  eiegant 
(Xi),  Benton  of  Missouri  and  Texas;  b-4,  NaiUiliis  (Eutrephaceras)  dekayi  (Xi); 
(6,  large  specimen  of  variety  morloaensc;  c,  d,  two  vHews  of  a  small  (young) 
individual}.  Ripleyan  of  the  eastern  and  southeastern  United  States,  Moa- 
tanan  of  Texas,  Nebraska,  Montana,  and  Canada.     (I.  F.) 
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regions),  and  niBny  others.  Some  of  these  are  Qlustiated  in  Figures  1773a— J- 
Pahns  too  were  widely  distributed  at  this  time.  With  this  rise  in  the  Qora 
there  is  also  an  abrupt  increase  in  the  insect  worid,  many  modem  types  making 
their  Srst  appearance. . 

Vertebrates.  —  These    include    fish,    e^>ecial]y    the   modem    bony    types 
(telcosta,  which  first  became  abundant  in  the  seas  of  Upper  Cretaceous  time). 


Fig.  I76r,  —  Nautilus  (Hereotlcsia)  daitkui,  a  characteristic  fossil  of  the 

highest  Cretaceous  strata  (Danian)  in  Europe,  North  Africa,  etc.  Side  and 
ventral  views  of  shell  and  fragment,  showing  the  character  of  the  septa,  and 
the  siphundc.     (After  D'Orbigny.) 

amphibians,  and  reptiles.  The  last  of  the  aquatic  saurians  (ichthyosauTS  and 
plesiosaurs)  occur  there  as  well  as  the  last  of  the  pterosaurs  or  flying  sauriaiu 
{Pleranodon  with  a  wing-spread  of  6  metei^  Figs.  1S11-1S13).  During  Creta- 
ceijus  time  the  last  of  the  dinosaurs  walked  the  earth.  The  Comancbean 
dinosaur  fauna  included  creatures  of  gigantic  dimensions,  such  as  the  huge 


Brotttosaurus  (Fig.  1797)  and  Dipladocus  (Fig.  1794),  and  the  Cretaceous,  the 
grotesquely  homed  Trktralop!  (Fig.  1S06).  Birds,  still  with  toothed  jaws, 
occur  {Hapcrornis,  Fig.  1815 ;  lehlhyornii,  Fig.  1817),  and  many  soiall  though 
primitive  mammals  are  found.  These  various  groups  of  animaJB  will  be  more 
fully  discussed  in  the  next  chapter. 


Characteristic  Organic  Remains 


Fic.  1763.  — Comanchean  uid  CreUccous  echinoids  of  North  America. 

a-i,  Cidarii  Itxaiia  (Xf)  (a.  teat  rratDred;  b,  interambulaavl  plate  CDlarKcd; 
t,  tubercle  mucb  enluKed ;  d.  portiODofunbulacnl  area  enlarged),  Conuuchic  (Washita) 
otTeus;  e-t.  Diaiema  (PitudtdiadeiiKii  (cmnuM  (Xf)  (c,  upper  surface;  /,  sde  view; 
(.  ambulacra]  area  enlarged),  Comancbic  (Frederiduburg)  of  Texas;  k-j,  Bokilyfiui 
ptanalui  iXi)  (A,  posterior  view ;  i,  lower  surface ;  j,  ambfllacrsl  plate*  much  enlarged), 
Comanchic  (Fredericksburg  and  Washita)  of  Texas,  k-71,  EcMimbristus  Iczanui  (Xf) 
I  lower  view  n  lateral  view  n  enlargement  of  right  postero-bteriu 
ambulacrum),  Greta dc  (Niobrara) 
of  Texas;  0  q,  CadiasUr  cinctui 
(Xl)  (B,  dorsal  view;  p,  ventral 
view ;  f,  enlargement  of  ambuli- 
oal  plate).  Creladc  of  New  Jersey ; 

(r,  dorsal  view;  t,  ventral  view), 
Cretadc  (Niobrara)  of  Texas; 
(,  Bemiailtr  paraitalui  (X^),  lat- 
eral view,  Cretadc  (Ripleyan  of 
Alabama  and  Mississippi;  Jerseyan 
of  New  Jersey).    (I.  F.) 

-Uicrasler  car-Uitvdinarium  (Xl),  Upper  Cretaceoiu  (Scuonkn) 
U  Europe.    (K.) 


Flo.    1765. — EMwKorys    {  —  AnanchyUii    atata    (X}). 
(ScDoaian)  of  Europe.    (K.) 
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J  OROGEtHC  DlSTUKBANCES 


The  Cretaceous  was,  oq  the  whole,  remarkably  free  from  vol- 
canism  except  towards  its  close,  when  extensive  volcanic  outbursts 
occurred  in  -  western  North 
America,  in  India,  and  else- 
where. Accompanying  these, 
or  following  them,  were  great 
mountain-making  disturbances, 
but  these  appear  to  fall  mostly 
into  the  earliest  Tertiary,  the 
Palaeocene,  and  they  will  be 
considered  in  that  connection 
(Chapter  XLV) 


5;  —  Utnlacnnus  incmltt 
(XI).  A  Qoating  cnooid  of  the  Cre 
taceous  (Niobrara). 

a,  rniall  individiul  with  urns  putty 
preserved ;  A,  Utenl  view  of  a  larser 
cal)^;  c,  analyda  of  the  lalyi;  C.  ven- 
trodorsal plate;  B,  baaals;  R.  radiak; 
C|.  Ct,  coitaki  Di,  Di,  distidub;  P\,Pt. 
palmani  PPi,  post  palmar.    (1.  F.) 


Fio.  1766.  —  lianupiles  Uitvdina- 
a  (xl).  A  floating  crinoid  of  the 
■~     onian).  Europe.    (K.) 


1768.  —  Uitdacrinus  tocialis,  photograph  of  a  slab  of  sfaaly  li 
showing  numerous  stranded  individuab.     (Reduced.) 
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Cretaceous  brackish  and  fresh-water  mollusks. 
a,  dauania  malvillenns  (X)),  Coloradoan  of  Ulah;  b,  c,  Mtlanta  tcyominiauii 
(XI),  Lcnunie  beds  of  WyomiBg  and  Colorado;  d,  Pyrguli/rra  kumerosa  (Xl),  Bear 
River  lonnstion  of  Wyoming  and  Utah;  i,  Crniinbasii  clfbumi  {XD,  Bear  River 
[ormatioD  of  Wyoming  ai\d  Utah;  /,  Gmiebasis  anmia  (X)),  Lanunie  beds,  Wyoming; 
f ,  GonuAaiis  ntbraictmii  [X 1),  Laramie  of  YeUowstone  River  region,  Canada,  Colorado, 


Utali;  k,  Campdoma  muimi 


upper  Missouri  region,  and  ol 
the  Bow  and  Belly  regions  of  Canada; 
i,J,  Visifarus  canradi,  Judith  River  forma- 
tion ol  Wyoming,  Montana,  and  Bow  River 
region,  Canada;  *,  /,  Pkyta  capii  (XI), 
Judith  River  beds  of  Montana  and  Canada ; 
m-o,  Plarmrbii  annaluliu  (X  I),  Judith 
River  beds  of  the  upper  Missouri  region; 
(XI),  Bear  River  forma- 


Utnh 


litUipluc 


Xl). 


Idah 


,     Utii. 


Bear    River    beds    < 
I,  I,  Vnia  httmtiianui  (X|}, 
ie  beds  of  Wyoming  and  Utah.   (I.  F.) 
Fic.  1770.  —  Fresh-water    ostracods    of  the     Cretaceous    (Bear    River); 

a,b,CypTidtateyomingetah{'Xi4)i  c,d,Cytheremomiculalti{X 20);  e,f,Utla^ 
cypris  coiuebrina  (Xao);  J,  h,  Cylhtridds  impresia  (Xso).     (I.  F.) 


CHAPTER  XLIV 

PROGRESS  OF  LIFE  DURING  THE  MESOZOIC 

The  most  striking  characteristic  of  the  life  of  the  Mesozoic  is 
its  almost  complete  distinctness  from  that  of  the  preceding  Palaeo- 
^  zoic  age,  while  to  a  lesser  extent  it  di£Fei:3  from  that  of  the  suc- 
ceeding Cenozoic.  To  be  sure,  there  are  certain  classes  of  Mesozoic 
organisms  which  had  their  beginnings  in  the  late  Palaeozoic,  such 
as  the  ammonites,  the  amphibians,  and  even  the  reptiles,  and  in- 
deed there  can  be  no  question  that  the  Mesozoic  types  are  all 
descendants  from  Palaeozoic  ancestors.  Nevertheless,  the  dif- 
ferentiation was  so  complete  that  the  contrast  between  the  or- 
ganisms of  the  two  ages  as  a  whole  is  most  startling.  This  may 
have  been  due  to  rapid  evolution  at  the  close  of  the  Palaeozoic 
when,  because  of  the  great  physical  changes  which  had  taken  place, 
most  of  the  older  forms  of  life  became  extinct,  thus  making  room 
for  the  development  of  new  forms  under  the  influence  of  the  new 
physical  conditions.    We  shall  briefly  note  the  principal  groups.^ 

Plants 

The  Mesozoic  flora  readily  falls  into  two  strongly  contrasted 
groups,  that  of  the  older  Mesozoic  to  the  top  of  the  Comanchean 
and  that  of  the  Cretaceous.  The  older  flora  is  primarily  one  of 
gymnosperms,  the  cycads  and  conifers  predominating,  while  of 
the  cryptogamic  group  ferns  and  equisetums  form  the  principal 
representatives.  By  the  beginning  of  the  Triassic  the  dominant 
Palaeozoic  types  had  largely  disappeared.  The  lepidodendrids, 
sigillarids,  calamites,  cordaites,  sphenophyllae,  and  cycadofilices 
had  apparently  all  died  out,  together  with  some  important  genera 
of  ferns.  There  is,  however,  one  very  notable  survival  from  the 
late  Palaeozoic,  and  that  is  GlossopieriSf  which  with  some  of  its 

^  For  classification  and  general  characters  of  plants  and  animalft,  see  Chapter 

xxvn. 
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associates  has  been  found  in  Rhxtic  rocks  of  South  Africa,  New 
South  Wales,  and  elsewhere. 

Some  of  the  ferns  of  the  Triassic  were  of  arboreal  types,  while 
equisetums  with  a  diameter  of  four  to  five  inches  occurred.  Some 
of  the  conifer  trunks  were  8  feet  in  diameter  and  belonged  to  trees 
at  least  ik)  feet  high.    They  , 

showed,  however,  a  complete 
or  nearly  complete  absence  of 
rings,  from  which  it  is  inferred 
that  the  seasonal  changes  at 
that  time  were  slight. 

In  the  Jurassic  there  is  a 
persistence  of  the  dominant 
Triassic  type,  the  cycads 
greatly  increasing  in  number 
and  kinds,  while  at  the  same 
time  a  number  of  new  types 
appear  (Figs.  1771-1771 ;  see 
also  Figs.  815, 8i6rpp.  84, 85). 
The  Jurassic  flora  is  remark- 
ably uniform  the  world  over. 
Not  far  from  50  per  cent  of  the 
North  American  flora,  exclu- 
sive of  the  cycad  trunks,  is 
the  same  as  that  found  in 
Japan,  Manchuria,  Siberia,  Fig.  177'.  — Restoration  of  the  flower 
Spitzbergen,  Scandinavia,  and  »»u<i  of  one  of  the  «tmcl  cyoids  (Cyca- 
_     ,      ,    „       ,      ,        .  dtoidea  dacoUnsts)  from  the  Upper  Jurassic 

England,     and  what  is  even  ^f  s^uti,  Dakota. 

more  remarkable,  the  plants      /,_  ,m^  rtammite  fronds  with  r«iuc«d 

found  in  Louis  Philippe  Land,  pinnules  (p)  bearing  closely  crowded  poUcD  sacs 
,  .  ,  OP  .■  II  .L  (the  small  white  bulbs) ;  r,  the  recepUcLe  of  the 
Ut.63  S.,  arc  practically  the  pi^mate  portion  of  the  flower.  a,v«ed  margin- 
same  as  those  from  Yorkshire,  "Jly  «th  the  minute  ovules  («) ;  br,  bracts; 

England"   (Knowlton).     ge-  '^ ' '^^''"^  "^     (After  wieUnd.) 
sides  the  cycads,  the  Ginkgo  or  Maiden-hair  tree  (Fig.  817,  p.  85)  was 
extremely  common  in  Jurassic  time  and  widely  distributed.    To- 
day there  is  only  a  single  species  extant,  a  native  of  China  and 
Japan,  though  introduced  into  the  western  world  by  man. 

This  flora  continues  with  little  change  into  the  Comanchean, 
ferns,  and  conifers,  and  cycads,  ginkgos,  and  equisetise  still  mftkii^ 
up  the  bulk  of  the  flora,  though  new  types  have  appeared. 
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Toward  the  close  of  the  Comanchean,  however,  came  the  intro- 
duction of  the  true  flowering  or  angiospermous  plants,  an  event 
which  has  been  called  in  many  respects  the  most  importiint  and 
far-reaching  biological  one  that  the  world  has  known  (Knowlton). 
Remnants  of  this  flora  are  first  found  in  the  Patapsco  division  of 
the  Potomac  group  of  the  Atlantic  coast  Comanchean,  but  it  is 
already  so  well  developed  that  there  must  evidently  have  been  a 
considerable  time  interval  antedating  the  period  in  which  these 


Fig.  I77».  — Typical  and  coramop  conifers  of  the  Upper  Jiinuic  of  Soln- 
hofen,  Germany,  a,  BrachypkyUum  {Eckinastrobm)  sUmbergi;  b,  Palaecyparit 
(Alhrotaxites)  princcps.     (After  Berry.) 

deposits  were  formed  and  during  which  the  development  of  this 
flora  took  place.  Where  the  flora  originated  cannot  at  present 
be  stated.  Once  introduced,  however,  it  quickly  became  modified 
into  a  wealth  of  types,  and  spread  with  surprising  rapidity,  so 
that  it  soon  became  the  dominant  flora.  In  the  Dakota  sand- 
stone alone,  over  five  hundred  species  occur  {Fig,  1773  «-/)> 
but  comparatively  few  forms  are  known  from  the  Coloradoan, 
largely  because  of  the  widespread  marine  character  of  the  forma- 
tions of  this  division.  The  flora  of  the  Middle  Cretaceous  (Mon- 
tanan)  is  not  especially  distinct  from  that  of  the  Dakota,  but 
in  the  Upper  Cretaceous  (the  Laramian)  occurs  a  flora  very  dis- 


Fig.  1773. — Types  of  plants  of  the  AraericaD  Cretaceous. 

a-/,  Chmctcrnlic  Middle  CrcUccoiu  plants.  Dakota  inup :  a.  Snet  Cum  fLifuiilamitr  lii~ 
UpilaliitM);  b.  Laurel  Im  ILatrus  »rbTaiitnni)-,  c,  Oik  lOww  primardialii);  J,  Willow 
{Salii  tToUafolia);  i ,  Brc>i  {Fatui  folidaM);  (.  (PrsUfkyUmm  i/itadriilMm);  f~i.  cbaractcriitic 
Upper  CrrUcroiu  planU  (Laramie):  I.  S^napaiilU  iAralladiiilala);  i,  Arrow-Huoil  (Vitunm 
■MipicrrfaiHiiiiJ ;  i,  Aldxc  lAliuu  trewioftii).    All  itduced.    (From  Lc  CoDte.) 
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tinct  from  that  found  either  in  lower  or  in  higher  deposits  (Fig. 
1773  g-i).  By  the  close  of  the  Cretaceous,  a  considerable  per- 
centage of  the  modem  angiospermous  type  of  vegetation  had  be- 
come fully  established  throughout  the  world,  while  the  ferns,  cycads, 
and  conifers  had  become  permanently  relegated  to  subordinate 
positions.  Some  of  the  dicotyledonous  angiosperms,  such  as  the 
magnolias,  tulip  trees,  sassafras,  and  others,  had  their  maximum 
development  at  this  time,  being  much  reduced  in  number  and  kinds 
in  succeeding  periods.  The  sedges  and  grasses  were,  however, 
still  poorly  represented  in  late  Cretaceous  time,  but  in  the  suc- 
ceeding Tertiary  became  very  important,  a  fact  with  which  is 
readily  correlated  the  rapid  rise  of  the  grazing  mammals. 

Invertebrates 

There  is,  on  the  whole,  a  very  striking  change  in  the  invertebrate 
life  of  the  earth  after  the  close  of  the  Palaeozoic.  Leaving  the 
Protozoa  as  too  little  studied,  we  note  that  the  sponges  undergo 
a  great  development,  appearing  in  vast  numbers,  especially  in  the 
Cretaceous.  The  Palaeozoic  types  have  entirely  cjied  out,  and 
many  groups  which  have  living  representatives,  though  mostly 
in  deep  water,  have  made  their  appearance.  The  Hexaclindlid 
and  LUkisiid  sponges  appear  to  have  been  at  their  acme  of  de- 
velopment in  the  Mesozoic,  when,  judging  from  the  nature  of  the 
strata  in  which  they  were  embedded,  they  probably  lived  in  shallow 
water.  The  calcareous  sponges,  too,  were  very  abundant,  es- 
pecially in  Jurassic  and  Cretaceous  time. 

A  few  of  the  Palaeozoic  types  of  corals  {Tetraseptaia)  still  con- 
tinued to  linger  in  the  Triassic  of  Europe,  but  they  soon  died  out 
completely  and  in  their  st^ad  the  Hexaseptata  arose  and  became 
the  dominant  types.  Though  simple  corak  still  continued,  the 
compound  forms  now  became  far  more  important.  In  the  Palaeo- 
zoic the  true  outer  coral-wall,  the  so-called  epitheca,  was  the  fun- 
damental structural  feature,  the  septa  when  developed  forming 
within  this  wall,  as  outgrowths  therefrom.  In  the  new  group 
of  corals,  the  septa  became  the  dominant  structures,  the  epitheca 
becoming  subordinate,  constituting  a  connecting  tis^e  (cemen- 
chyma)  in  the  compound  forms,  or  disappearing  altogether.  A 
new  type  of  wall,  the  theca  (originally  thought  to  be  the  real  wall 
of  corals),  now  arose,  formed  by  cross-plates  set  between  the  septa 
near  their  outer  margin  (Fig.  1774). 
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The  Biyozoa,  too,  branched  out  into  new  groups,  though  most 
of  these  had  Palaeozoic  representatives.  The  most  pronounced 
development  took  place  among  the  cyclostomatous  types,  which 
are  especially  abundant  in  the  older  Mesozoic,  while  at  the  open- 
ing of  the  Cretaceous  the  order  of  the  Cheilostamata  arose  which, 
with  the  Cyclostomata,  becomes  the  leading  Mesozoic  type  of 
Bryozoa. 

A  remarkable  reduction  has  taken  place  among  the  brachiopods, 
of  which  nearly  all  the  Palaeozoic  genera  have  disappearecf.  Dur- 
ing the  Mesozoic,  the  rhynchonellaids  and  the  terebratuloids  were 


A  sKf      B 

Fig.  1774.  —  Comparison  of  the  structure  of  a  hexaseptate  coral  (A)  oi 
the  Mesozoic  and  younger  formations  with  a  tetraseptate  coral  (B)  of  the 
Paleozoic. 

A,  Hexaseptate  coral  (Mesozoic  to  recent);  cos,  oostc;  si,  first  cycle  of  septa; 
s%,  second  cycle  of  septa;  th,  theca.  B,  Tetraseptate  cozal  (Paleozoic);  eg,  costal 
grooves ;  ep,  epitheca ;  sa,  alar  septum ;  sc,  cardinal  septum ;  ics,  second  cyde  of  septa ; 
set,  counter  septum.    (Original.) 

the*leading  types,  many  genera  and  species  occurring  among  these, 
but  few  belonging  to  other  groups. 

The  pelecypods  also  show  a  striking  change.  Of  the  three 
orders  into  which  this  class  is  divided,  only  one,  the  Prtanodesfnacea, 
has  an  abundant  representation  in  the  Palaeozoic,  and  of  the  40 
families  of  this  order,  14  are  practically  restricted  to  it,  while  15 
families  began  in  the  Palaeozoic  and  continued  with  few  exceptions 
through  the  Mesozoic  and  often  the  Tertiary  as  Well.  Eight  began 
in  the  Mesozoic,  only  one  being  restricted  to  it,  while  three  families 
are  wholly  Tertiary  and  recent.  The  order  Anomalodesmacea 
has  only  one  family  out  of  14,  restricted  to  the  Palaeozoic.  One 
is  restricted  to  the  Mesozoic,  five  to  Tertiary  and  recent  times,  and 
seven  originate  in  the  Mesozoic  and  continue  to  the   present. 
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Finally,  the  order  Tdeodesmacea  ha^  two  families,  out  of  46, 
restricted  to  the  Palasozoic,  while  one  begins  in  the  Palaeozoic 
and  continues  to  the  present.  Seven  are  restricted  to  the  Meso- 
zoic, 12  to  the  Tertiary  and  Recent,  while  the  remaining  24 
families  begin  in  the  Mesozoic  and  continue  to  the  present. 
This  shows  the  essentially  modem  character  of  this  group.  The 
forms  restricted  to  the  Mesozoic  belong  to  the  family  of  the 
Disceratida  (Fig.  1634),  Monopleurtda  (Fig.  1711),  Caprinidm 
(Fig.  1725),  and  the  rudistid  families,  Radiolitida  (Fig.  1689)  and 
HippurUida  (Figs.  1723-1724),  together  with  two  families  of  the 
Lucina  series. 

The  gastropods  show  a  similar  distribution.  The  majority  of 
the  Palaeozoic  forms  belong  to  the  order  Aspidobranckia,  most  of 
which  continue  through  the  Mesozoic  and  many  to  the  present 
time.  Only  two  families  {NeritidtB  and  Stomatiidai)  begin  in  the 
Mesozoic  and  continue  to  the  present.  Of  the  order  Ctenobranchia, 
seven  of  the  42  families  have  Palaeozoic  representatives,  all  of 
these  continuing  through  the  Mesozoic  and  generally  to  the  present. 
Two  families  are  restricted  to  the  Mesozoic  {Nerineida,  Fig.  1657, 
and  Colt4mbellarid(B)  and  six  to  post-Mesozoic  time.  The  re- 
maining 27  families  begin  in  the  Mesozoic  and  continue  to  the 
present.  Of  the  Opisthobranckia,  only  one  family  doubtfully 
begins  in  the  Palaeozoic,  three  are  wholly  post-Mesozoic,  and 
five  begin  in  the  Mesozoic  and  continue  to  the  present.  The  Pul- 
monata,  or  air-breathing  gastropods,  are  mainly  Mesozoic  and 
younger,  though  some  Palaeozoic  types  also  occur. 

Of  the  pteropods  the  family  CavolinidtB  (Fig.  891)  begins  in  the 
Cretaceous  and  continues  to  the  present.  The  family  Limacinidm 
is  wholly  post-Mesozoic,  and  the  Hyolitkidm  (Fig.  1017)  wholly 
Palaeozoic.  Of  the  Conularida  only  the  genus  Canularia  (Fig.  151 1) 
has  representatives  in  the  older  Mesozoic  (Triassic  and  Liassic). 
^'^he  cephalopods  are  among  the  most  characteristic  inverte- 
brates of  the  Mesozoic,  for  to  it  one  great  division,  that  of  the 
Ammonaideay  is  primarily  restricted,  except  for  the  primitive 
ancestral  (goniatitic)  members.  Among  the  NatUiUndea^  which 
were  so  typical  of  the  Palaeozoic,  there  is  only  one  surviving  straight 
or  orthoceran  form,  but  a  number  of  open  or  discoidal  nautilicones. 
With  the  beginning  of  the  Jurassic,  however,  only  the  dose-coUed 
nautQoids  survived,  the  several  types  being  representative  of  five 
ffM74UeS}  two  q!  which  also  h^ve  Palaeozoic  members.    Only  one 
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family,  that  of  the  NautilifUB,  or  the  true  Nautilus  family,  survives 
to  the  present  day,  having  had  its  inception  in  the  Jurassic. 

In  marked  contrast  with  this  slight  representation  of  the  es- 
sentially Palaeozoic  group  of  nautiloids  is  the  great  diversity  of 
the  ammonoids,  which,  arising  in  the  late  Palaeozoic,  reached  their 
acme  in  Jurassic  time,  and  completely  disappeared  at  the  end  of 
the  Cretaceous.  The  evidence  of  the  derivation  of  the  primitive 
goniatites  from  slightly  involute  Palaeozoic  (probably  early  De- 
vonian or  late  Silunan)  nautiloids  is  clearly  shown  by  the  structiire 
of  these  shells,  for  the  young  goniatite  has  all  the  characteristics 
of  a  Nautilus  shell,  the  distinctive  goniatite  features  (lobed  sutiire, 
ventral  position  of  siphuncle,  etc.)  not  appearing  until  later  in 
the  life  of  the  individual.  Types  with  ceratitic  and  even  with 
simple  ammonitic  sutures  (see  Fig.  1382,  p.  467,  and  Fig.  1451, 
p.  527)  arise  in  the  late  Palaeozoic,  but  the  ceratitic  suture  is 
especially  characterisitc  of  the  Triassic  types,  to  which  horizon 
the  true  Ceratites  is  confined.  Forms  with  more  complicated  or 
ammonitic  suture  also  occur  in  the  Trias,  but  this  kind  of  suture 
is  most  characteristically  developed  in  the  Jurassic  and  Cretaceous. 

Of  the  29  sub-families  of  ammonoids  represented  in  the  Trias, 
13  have  Palaeozoic  ancestors,  14  are  entirely  confined  to  the  Trias, 
and  only  two,  belonging  to  the  family  Phylloceratida,  begin  in 
the  Trias  and  extend  into  the  Jurassic  and  the  Cretaceous.  The 
Jurassic  has  22  sub-families,  two  of  which,  as  just  stated,  begin 
in  the  Trias,  13  are  confined  to  the  Jurassic,  and  eight  pass  into 
the  Cretaceous.  Finally,  the  Cretaceous  has  18  sub-families  (or 
families)  seven  of  which  begin  in  the  Jurassic,  one  in  the  Triassic, 
while  10  are  confined  to  it.  Thus  it  is  at  once  apparent  that  the 
Triassic  ammonoid  faima  is  still  very  closely  related  to  that  of  the 
late  Palaeozoic,  while  a  similar  dose  relationship  exists  between  the 
Jurassic  and  the  Cretaceous.  The  most  pronounced  distinction, 
however,  exists  between  the  Triassic  and  the  Jurassic,  only  one 
family  bridging  the  gap  between  them.  The  Cretaceous,  as  al- 
ready outlined  in  the  preceding  chapter,  is  especially  characterized 
by  highly  ornamented  types  and  by  others  which,  to  a  greater  or 
less  degree,  have  in  the  adult  lost  the  power  of  close-coiling,  and 
some  of  which  (Baculites)  actually  become  straight  again,  except 
in  the  extreme  young  stage.  These  and  the  families  which  show 
a  simplification  by  retardation  of  the  suture,  so  that  in  some  cases 
it  remains  in  the  ceratitic  stage  (Sphenodiscus,  Enganoceras,  Fig. 
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iTSGa-d),  represent  declining  or  degenerating  evolutional  lines, 
and  this  is  true  also  of  the  forms  which  developed  niimerous  excres- 
cences on  the  surface  of  the  shells,  the  so-called  highly  ornamented 
types. 

The  dibranchiate  cephalopods  arose  in  the  Triassic  from  some 
Palaeozoic  ancestors  (probably  Bactrites).  The  oldest  forms  are 
the  belemnites  (Fig.  1673  a-g),  which  became  extremely  abundant 
in  the  Jurassic  and  Comanchean,  but  in  later  Cretaceous  time, 
only  two  genera  (BdemmteUa,  Fig.  1758,  and  Actifwcamax,  Fig. 
1759)1  survived.  Their  descendants  in  the  Tertiary  are  curved 
forms  with  a  much  reduced  outer  protective  "  guard,"  while  only 
one  modem  form  exists  {Spirtda,  Figs.  770,  897),  which  has  a 
loose-coiled  shell  and  no  guard.  Another  order,  the  Sepioids^ 
well  represented  to-day  by  squids  and  cuttlefish  (Fig.  894),  arose 
in  the  Jurassic  (or  possibly  earlier)  and  rather  rapidly  reached 
the  specialization  possessed  by  modem  types.  The  earliest  octopus 
type  (Calais)  is  found  in  the  Cretaceous  of  Mt.  Lebanon  in  Syria, 
but  the  tme  Octopus  and  Arganauia  (Figs.  895, 896)/did  not  appear 
until  the  Tertiary. 

Trilobites  are  wholly  wanting  in  the  Mesozoic,  but  other  Crustacea 
are  frequent,  though  seldom  well  preserved.  Of  the  BrancUopoda 
the  most  characteristic  and  practically  the  only  representative 
in  the  Trias  and  Wealden  is  Estheria  (including  EstherieUa),  a 
fresh-water  form.  Ostracoda  {CytheridtBy  some  of  the  Cyprida^ 
CytherdlidtBy  and  Cypridinida),  are  common  in  the  Jurassic  and 
Cretaceous,  and  quite  distinct  from  Palaeozoic  types.  Of  the 
Cirripedia,  the  goose-barnacles  (Lepadita,  Fig.  929)  begin  in  the 
Mesozoic  and  there  are  several  other  bamacles  in  the  Cretaceous. 
The  modem  acom  barnacle  (Balanus,  Fig.  928)  appears  first  in 
the  Eocene. 

Of  the  higher  crustaceans  (Malacostraca)  the  Isopoda  are  well 
represented  in  the  Mesozoic,  having  probably  Palaeozoic  ancestors, 
but  tme  Amphipoda  are  still  imknown.  The  Decapoda  (lobsters, 
crayfiish,  crabs)  are,  however,  well  represented  and  often  abundant. 

The  Merostomata  are  represented  in  the  Mesozoic  by  the 
horseshoe-crabs,  these  being  at  first  fresh-water  types,  as  were 
their  ancestors  in  the  Palaeozoic.  The  modem  genus  Limidus 
first  appears  in  the  Bimter  Sandstein  of  the  Vosges  Mountains, 
occurs  in  the  Keuper  of  Lorraine,  and  is  again  well  represented 
in  the  Upper  Jurassic  lithographic  stone  of  Bavaria  (Fig.  937) 
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and  the  Jurassic  of  other  parts  of  Europe.  By  this  time  the  genus 
had  apparently  taken  to  living  in  the  sea,  which  is  its  modern 
habitat,  though  even  in  the  Tertiary  some  species  seem  still  to  have 
inhabited  fresh  water,  as  is  shown  by  their  occurrence  in  the  brown- 
coal  deposits  (Oligocene)  of  Germany.  The  eurypterids.  have 
entirely  disappeared,  their  last  representative  occurring  in  the 
Permian.  Scorpions  and  spiders,  on  the  other  hand,  continue 
through  the  Mesozoic,  as  do  also  the  Msrriapoda  and  Insecta. 
The  ancient  families  of  Palaeozoic  insects  have  almost  entirely 
disappeared,  and  in  their  stead  the  modem  families  have  ap- 
peared. There  are,  however,  a  few  families  with  ancestors  in  the 
late  Palaeozoic,  which  continue  to  the  present  time.  The  greatest 
number  of  the  Mesozoic  species  known  has  been  obtained  from  the 
Lias  and  the  Upper  Jurassic.  Few  species  are  known  from  the 
Cretaceous,  because  of  the  widespread  marine  conditions,  and  still 
fewer  from  the  Triassic,  where  aridity  seems  to  have  acted  as  a 
check. 

The  stemmed  echinoderms  or  PelnuUazoa  are  represented  only 
by  the  crinoids.  Only  one  stalked  family  (PlicatocrinidiB)  has 
Palaeozoic  affinities.  All  of  the  stalked  Mesozoic  crinoids  belong 
to  the  order  Artictdata,  and  only  one  of  these,  the  pentacrinoids 
(Fig.  1676),  begins  in  the  Triassic,  all  the  others  making  their  first 
appearance  in  the  Jurassic.  There  are,  however,  three  families  of 
floating  crinoids,  the  Saccocomida  of  the  Jurassic  (Fig.  1678)  and 
the  MarsupUida  and  Uintacrinida  of  the  Cretaceous  (Figs.  1716- 
1 7 18)  which  are  related  to  Palaeozoic  families.  Of  the  other  Echino- 
dermata,  the  eckinoids,  or  sea-urchins,  are  most  characteristic, 
and  of  these  only  one  order,  the  Cidaraideay  begins  in  the  Palaeozoic. 
Both  regular  echinoids,  with  mouth  and  anus  at  opposite  poles, 
and  irregular  ones  with  the  anal  opening  or  both  mouth  and  anus 
displaced  along  the  median  line,  are  found.^  Of  the  21  existing 
families  13,  or  nearly  63  per  cent,  are  represented  in  the  Mesozoic 
and  one  only  (Cidaraidea)  in  the  Palaeozoic  as  well. 

Fishes 

The  Triassic  fish  fauna  still  exhibits  many  resemblances  to 
that  of  the  Permian,  the  sharks  and  ganoids  being  well  represented. 
These  in(;iude  both  the  heterocercal  PaJUEoniscidm  (Fig.  1429)  and 
Catopterida  (Fig.  1570),  and  the  enamel-scaled  Lepidostei  (Fig. 
1680).    The  crossopterygian  ganoids,  on  the  other  hand,  have 
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mostly  disappeared  except  for  one  family  (Calacantkida)  which  ex- 
tends to  the  Chalk  and  the  hving  forms  of  Africa.  The  Chondrostei, 
or  cartilf^inous  ganoids,  are  also  well  represented  in  the*  Mesozoic 
(Triassic,  Liassic  and  probably  in  the 
Cretaceous).  The  Dipnoi,  or  true  lung- 
fish,  were  present  in  the  Triassic,  while  a 
few  TeUosts  or  bony  fishes  had  also 
appeared.  In  the  Lias,  fish  remains 
are  abundant,  most  of  them  belonging  to 
the  scaly  ganoids  of  the  order  LepidostH, 
though  sharks  persist  in  undiminished 
numbers.    In  the  Upper  Jurassic,  where 

__  ,,      ,  the  Palaoniscids  have  been  reduced  to 

Fic,  ms.—Masledmiou-  ,,       ■      ,  ,    ,  , 

FMi  si&anieus.  Part  of  tooth  one  genus,  the  sharks  are  represented  by 
Bectioned  showing  labyrin-  many  genera  closely  allied  to,  if  not 
itodont  character  (After  identical  with,  living  forms.  Ganoids 
Owen.)     Lettenkoble    (Tn-  ,  ,  ,        , 

assic)  WUrttembcTg.  *"-    however,    the    most    abundant    of 

fishes,  these  being  chiefly  the  Ccdacan- 
thids,  the  Lepidostei,  and  the  Amiodea.  The  TeUostei  have  be- 
come more  abundaht. 

With  the  beginning  of  the  Cretaceous  the  ganoids  became  more 
and  more  replaced  by  teleosts,  thb  replacement  being  most  com- 
plete in  the  Upper  Cretaceous  (Cretacic)  where  ganoids  were  rare 
and  more  than  three-fourths  of  the  fish  fauna  consisted  of  teleosts. 

Amphibia 
The  Stegocepholia  which  were  so  characteristic  of  the  late  Paleo- 
zoic, especially  the  Permian,  died  out  in  the  Triassic,  where  they  were 
primarily  represented  by  the  labyrin  thodonts,  so  called  because 
of  the  complicated  or  labyrinthine  tooth  structure  (Fig.  1775). 
The  only  other  amphibian  from  the  Mesozoic  is  an  aquatic  sala- 
mander-like urodele  {Eylisobatrachus)  which  has  been  found  in 
the  Wealden  of  Belgium.  True  salamanders,  together  with  frogs 
and  toads  f^Anura),  do  not  appear  until  the  Tertiary. 

Reptiles 

The  Mesozoic  era  was,  par  excellence,  the  age  of  reptiles,  for 

at  that  period  of  the  earth's  history  these  animals  reached  their 

maximum  development,  having  since  taken  a  very  subordinate 

place  in  the  life  of  the  earth.     In  the  Mesozoic  they  dominated 
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not  only  the  land,  but  the  waters  and  the  air 
as  well.  Because  of  their  great  importance  we 
shall  discuss  the  several  orders  separately. 

Rhyncbocephalia.  —  This  order,  to  which  the 
existing  Sphatodon  or  Hatteria  of  New  Zealand 

(Fig,  1776)  belongs,  is  one 

of  the  most  primitive,  and 

attained  its  maximum  de- 
velopment in  the  Trias. 

The  oldest   members   of 

this  order,    the   Prolero- 

sauna  of  the  Permian,  had 

much    in   common   with 

the  small  stegocephalians 

from    which     they    were 

apparently  descended. 

From  thb  primitive  type 

were  derived  not  only  the 

later    members    of    the 

order,  including  the  gro- 
FiG.  1776. —  Lett  fore    tesque   Pelycosauria  {Di- 
legol  ffoJfcrw  punctata,    ,neirodm,Naosa»rus,Fi^. 
New  Zeaiaod:  A,  from         ,  ,  ,      ,     ,      „ 

above;  B,  from  below;  ^S^I,  1562)  of  the  Per- 
//,  humenis;  eel  and  mian,  but  the  common 
ori,  foramina  epicondiloi-  ancestor  of  dinosauTS  and 
dea:  Ji, radius:  I/,  ulna:     ...  ,      , 

wrist  bones:  c.  c\  ceo-  birds  and  the  s(fuamata 
tralia;  i,  mtermedium;  (lizards,  snakes,  etc.)  and 
r,  radUle;  u,  ulnare;  croCodUians  as  well.  A 
i-S,  carpaha  of  first  to  i  .1.      1.        1.  1. 

fifth  finger;  bones  of  few  of  the  rhynchocepha- 
hand:  ml,  metacarpals;  bans  range  into  the  Ju- 
I  y,  phalanges.     (From    ^^^^^^  ^^^  Cretaceous. 

Squamata  (lizards, 
snakes,  etc.).  —  Here  belong  the  giant  marine 
lizards,  the  Mosasaws,  which  inhabited  the  Cre- 
taceous seas-  and  which,  in  their  enormously 
elongated  bctdy,  suggest  the  veritable  sea  ser- 
pent (Figs.  1777,  1778).  Lizards  also  appeared  first  in  the  Upper 
Jurassic  (Purbeck  beds),  but  these  and  the  Cretaceous  remains 
were  of  rather  doubtful  affinities.  Remains  of  snakes  are  also 
of  doubtful  character  in  the  Cretaceous,  though  they  probably 
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size,  and  fully  adapted  to  a  marine  habitat.  In  the  plesiosaurs 
the  limbs  became  modified  into  paddles  and  the  neck  was  usually 
much  elongated.  These  aounals  were  most  abundant  in  Jurassic 
time,  but  several  types  continued  into 
the  Upper  Cretaceous,  where  they  fin- 
ally became  extinct. 

Tberomoipba.  — This  order  includes 
a  series  of  mammal-Iike  land  forms, 
most  of  which  go  back  to  the  Permian 
but  also  range  into  the  Triassic,  and 
which  may  include  the  stem  forms, 
from  which  other  types  of  reptiles 
have  been  derived.  There  are  three 
groups:  the  Cotylosauria  with  solid 
"2  skulls,  the  Pdycosauria,  or  fin-backed 
■■^  -«  lizards,  and  the  Theriodonlia  (Fig.  1 564 
a-c),  the  last  including  members  with 
many  primitive  mammalian  characters, 
which  suggest  that  this  group  gave  rise 
to  the  earliest  or  egg-laying  mammals. 
Chelonia  (turtles,  etc.).  — Turtles 
appeared  suddenly  in  the  Upper  Trias 
and  were  fairly  well  represented  in  the 
Jurassic  and  Cretaceous,  continuing 
through  the  Tertiary  to  the  present 
time.  The  oldest  known  forms  have 
almost  all  their  characteristic  features, 
so  that  there  must  have  been  a  long, . 
still  unrecorded  earlier  history.  At 
present  there  is  no  indication  of  the 
manher  in  which,  and  the  type  from 
which,  they  were  derived.  In  the 
Jurassic  the  turtles  had  a  world-wide 
distribution  (Fig.  1684),  and  in  the 
Cretaceous  marine  turtles  with  the 
legs  modified  into  flappers  made  their  appearance.  True  land 
turtles  did  not  arise  until  the  Tertiary. 

Crocodilia.  —  The  crocodiles  possess  the  highest  internal  or- 
ganization known  among  reptiles.  The  earliest  (Triassic)  forms, 
the  Parasuckia  (Fig.  1783),  are  with  difficulty  distinguished  from 
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rhj'ndiocephalians,  from  which  they  probably  arose.  Another 
Triassic  suborder  is  that  of  the  Pseudosuckta,  which  were  es- 
pecially abundaat  in  western  Europe.  On  a  slab  of  sandstone 
from  the  Upper  Trias,  now  in  the  Stuttgart  Museum,  twenty-four 
individuals  of  AStosaurus  are  preserved  in  complete  though  slightly' 


Fig.  17S3.  —  Skull  of  Behdon  hapffi,  ao  ancestral  crocodilian  of  the  U[^)et 
Triassic  (Keuper).     Stuttgart,  Xi^. 

A,  oibiti  L,  uitoibitsl  [oiamen;  iV,  external  narial  openiugi  S,  lateral tempoia] fOMa. 

(After  Stemnuna.) 

crushed  condition,  the  largest  having  a  length  of  86  cm.  True 
crocodiles  occurred  in  Jurassic  and  Comanchean  time  (Teleosaurus, 
Fig.  1784)  and  in  Cretaceous  and  Tertiary  times  (.&tsuchia).  To 
this  last  suborder  also  belong  the  modem  forms.  In  both  sub- 
orders long  and  broad-snouted  forms  occur,  but  the  short  and 
broad-snouted  types  did  not  appear  until  the  Upper  Jurassic,  all 
the  older  forms  being  longirostrate  or  long-snouted. 


Fig.  1764.  — Tekosaurus  cadomensU.  A  crocodile  from  the  Jurassic  (upper 
Dogger  or  Bathonian).  Caen,  Calvados,  France. 
A,  akuU  Irom  above;  B,  lower  Jaw  tmai  above.  A,  orbit;  S,  lupra-temporal 
fossa ;  S' ,  lateral  temporal  fossa ;  N,  anterioi  nans ;  I,  lacluynia] ;  p,  parietal ;  /. 
frontal:  ".  luual;  d^.  post-orbilal ;  ig.  squamosal;  cd,  basi-ocdpital ;  ip,  pplenial;  d, 
dentaiy;  >»,  premaiiUe.     (Alter  Stemnuum.) 

Dinosanria. — The  dinosaurs,  or  terrible  lizards,  were  without 
doubt  the  most  remarkable  and  important  reptiles  of  the  Mesozoic, 
to  which  age  they  are  wholly  confined,  so  that  it  is  equally  correct 
to  speak  of  the  Mesozoic  as  the  age  of  dinosaurs.  Their  ancestry 
is  probably  to  be  sought  in  the  Permian  Pr<itero$(mria,  which  in 
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turn  appear  to  have  arisen  from  still  earlier  cotylosaurians.    Two 
great  divisions  (often  called  orders)  of  dinosaurs  are  recognized, 


the  Saurischia,  in  which  the  structure  of  the  pelvis  or  hip  was 
crocodile-like,  and  the  Orniikisckia,  which  had  a  pelvis  similar  to 
that  of  birds.    These  are  regarded  as  having  arisen  separately 


Fic.  17856.  —  Dinosaur  foot-print 
(AncHsauripus  exiertus),\aaX\iiaAsu.e. 
Upper  Triassic  ot  the  Connecticut 
Valley.  The  bones  are  indicated  in 
the  shaded  portions.    (After  Lull) 


Fio.  178s  c,  —  Dinosaur  foot-print 
(Gitatidipa$caudatus),-ii  natural  ^le. 
Upper  Triassic  sandstones  of  the 
Connecticut  Valley.  The  bones  of 
the  foot  are  given  in  shaded  portioa. 
(After  Lull.) 
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from  a  common  ancestor.  In  size  these  animals  ranged  from  that 
of  a  chicken  to  monsters  So  feet  or  more  in  length,  and  their  life 
was  spent  either  upon  the  land  or  partly  submerged  in  shallow 
water.  Some  dinosaurs  were  herbivorous,  others  carnivorous. 
(Fig.  17850.) 

The  Sauriscfna  include  the  oldest  known  dinosaurs,  and  thi; 
group  underwent  fewer  changes  than  the  other  one,  throughout  ' 
the  Mesozoic,  the  chief  modification  being  a  progressive  increase 
in  size  of  the  body,  and  proportionate  decrease  in  the  length  of 
the  fore-limbs.  The  mode  of  progression  was  therefore  bipedal 
(except  in  the  Sauropoda),  and  their  foot-prints  are  those  of  the 


hind  legs.  Here  belong  many  of  the  foot-prints  found  in  the 
Connecticut  Valley  sandstones  and  in  those  of  New  Jersey,  which, 
on  account  of  their  three-toed  character  (the  fourth  one  seldom 
made  an  impression),  were  originally  regarded  as  bird  tracks  (Fig. 
1785  b,c).  Some  of  these  animals  were  small,  one  (Podokesaurus, 
Fig.  1786),  the  skeleton  of  which  has  been  found  in  the  Triassic 
sandstones  of  Massachusetts,  being  about  four  feet  long  with  the 
tail  occupying  more  than  half  its  length,  while  the  animal's  hind 
legs  were  long  and  the  fore  legs  were  very  short.  A  still  smaller 
form  was  Compsognatkus,  about  2}  feet  long,  found  in  the  Jurassic 
beds  of  the  Sobihofen  district  (Eichstatt,  Bavaria).  Other  forms, 
known  by  skeletons  from  the  Triassic  of  the  Connecticut  Valley, 
were  larger  (5  to  8  feet)  with  clawed  hands,  like  Anchisaurus  (Fig, 
1787)  of  the  suborder  Packypodosauria;  other  members  of  this  group 
occur  in  Europe.    Both  these  groups  were  carnivorous.    A  third 
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carnivorous  division  of  the  Saurischta  is  that  of  the  Theropoda  or 
beast-footed  dinosaurs.  They  were  active  runners  upon  their  hind 
limbs,  and  had  a  powerful  and  heavy  tail,  which  acted  as  a  counter- 
poise. One  of  the  largest  of  these  {AUosaurus,  Figs^i788-i79o), 
the  skeleton  of  which  was  found  in  the  Comanchean  beds  of  Como 
Bluft  Dear  Medicine  Bow,  Wyoming,  and  is  now  mounted  in  the 


Fig.   1787.  —The  skeleton  of  Ancftuauras  cohrus,  restored,  -ff  natural  Me. 
Triassic  Connecticut  Valley.    '(After  Marsh  from  Lull.) 

American  Museum,  New  York  City,  has  a  length  of  34  feet,  2  inches, 
and  a  height,  when  resting  on  all  four  feet,  of  8  feet,  3  inches.  The 
jaws  of  this  creature  were  loosely  hung,  enabling  it  to  open  them 
widely,  and  either  to  swallow  its  prey  entire,  or  to  tear  it  into  huge 
chunks.  For  this  purpose  the  teeth  were  powerful  and  recurved, 
and  both  hands  and  feet  were  furnished  with  strong  curved  claws 
(Fig,  1790).  This  group  also  included  a  form  which'  developed  a 
compressed  hom-like  process  upon  the  nose  {Ceratosaurus). 

But  by  far  the  most  terrible  of  the  theropodous  dinosaurs  was 
the  great  Tyrant  King  of  the  saurians,  the  Tyrannasaurus  rex 
(Figs.  1791-1792),  which  has  been  referred  to  as  representing 
"  the  climax  of  evolution  of  the  giant  flesh-eating  dinosaurs  " 
(Matthew),  and  the  largest  flesh-eating  land  animal   that   has 
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Fic.  17S8.  —  A  Comanchean  carnivorous  dinosaur,  Alhsaurus ,  mounted  in 
the  attitude  of  feedbg  upon  the  carcass  of  a  Bronlosaurus.  The  fo^U  bones  of 
the  Utter  were  found  to  be  scored  and  scratched  as  though  by  some  sharp- 
toothed  enemy,  and  near  the  skeleton  were  found  the  broken-off  teeth  ot  an 
AUosatinu,  which  were  of  the  size  and  shape  to  make  such  marks  on  the  bones 
of  its  prey.     (Courtesy  of  the  American  Museum  of  Natural  Hbtory.) 


Fig.  1780. —  Restoration  of  the  dinosaurs  shown  in  Fig.  1788;  AUoiaurus 
was  of  ^antic  proportions,  being  34  feet,  2  inches  in  length,  and  8  feet,  3  inches 
high.  This  dinosaur  was  bipedal,  the  fore  feet  having  been  used  only  for  fighting 
or  tearing  the  flesh  from  the  bones  of  its  prey,  but  not  for  walking  01  support 
(Courtesy  of  the  Americao  Museum  of  Natural  History.) 
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FfG.  1790.  —  AUosaurat  fragiiis,  Comanchean  (Atlantosaurus  beds  of  the 
Morrison]  Rocky  Mts.  A,  hind  limb;  B,  fore  limb,  ^nature)  sice;  ca,com- 
coid;  it,  ileum;  u,  ischium;  m,  metatanus;  ^, pubis;  ^.postpublt;  se.tap- 
ula.     (From  Steimnsim.) 


Fig.  1791.  —  Skeleton  of  Tyramiosauna  rat,  the  tjrrant  king  of  then 
measuring  47  feet  in  length  and  18)  feet  in  height  The  spedmen  was  found 
in  a  sandstone  in  the  Cretaceous  "Bad  Lands"  of  Montana,  and  incooqiletj 
skeletons  have  been  found  in  beds  of  the  same  age  along  the  Red  Deer  River 
in  Alberta,  Canada,    (Courtesy  of  the  American  Museum  of  Natural  History.) 
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Fio.  1791.  —  Tynuuutatmu,  the  largest  known  terrestrial  1 
dinosaur,  approaching  a  group  of  tiiree-homed  herbivorous  dinosaurs  (Tri- 
ctraiaps).  Tlie  Utter  wasoneofthe  homed  Ceratopsia  which  developed  a  stout 
armor  of  heavy  plates,  a  neck-frill,  and  horns  which  served  both  for  offense 
aod  defense.  At  the  same  time  the  "tyrant"  saurians  evolved  a  different 
type  of  offensive  mechanism  in  their  great  bulk,  their  powerful  jaws,  and  tbeii 
Stout  daws.    (Courtesy  of  the  American  Museum  of  Natural  History.) 


F)o.  1703. — Asmall,  agile,  camivorousdinosaur{OrnJ(Ai>^(ef  =  bird  robber) 
holding  in  his  claws  a  primitive  toothed  turd.  From  the  Comanchean  (Como 
Bluff  beds)  Wyoming.   (Courtesy  of  the  American  Museum  of  Natural  History.) 
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ever  existed.  Its  length  was  47  feet  and  its  bulk  equal  to  that  of 
a  mammoth  or  a  mastodon.  It  had  massive  hind  limbs  which 
supported  the  entire  weight  of  the  body  and,  when  standing,  its 


Fio.  1794.  —  The  skeleton  of  Diplodocus  in  the  Amerinui  MuMum  of  Natural 
History.  The  actual  skeleton  parts  preserved  are  shaded,  the  other  puts  are 
restored.     Scale  i  bch  =  i6  feet. 

height  was  18  to  20  feet.  Its  large  head,  over  four  feet  in  length, 
its  huge  teeth,  3  to  6  inches  long  and  an  inch  wide,  and  its  sharp 
daws,  made  it  a  most  formidable  and  terrible  opponent.  This 
creature,  of  which  a  nearly  complete  skeleton  from  the  Cretaceous 
of  western  North  America 
is  preserved  in  the  Ameri- 
can Museum  of  Natural 
Historj',  was  probably  of 
slow-moving  habit,  prey- 
ing upon  the  huge  and 
ponderous  herbivorous 
dinosaurs  of  the  period. 
One  of  the  smallest  of 
flesh-eating  dinosaurs  was 
the  agile  Omitholestes 
(Fig.  1793),  the  remains 
of  which  were  found  in 
the  Comanchean  beds  of 
Fig.  n^i.-Diphdxus  Imgus,  Comanchean  Como  Bluff,  Wyoming. 
(Morrison),  Rocky  Mountain  region.  In  the  Comancbean  de- 

A.skuUFroni  theside;  B.fromabove;  ^.orbiti  positS  of  the  westem 
L,  poiterior,  L'.  anterior  antorbital  foramina;  K,  ti„;,.j  c,n,~a  Uow  h^„ 
nasal  opening:  5.  supra-temporal  fossa;  S.  lateral  United  btates  nave  Deen 
temporal  (ossa;  one-tenth  natural  site.  {After  foupd  the  remains  of  the 
temmann.  herbivorous  members  of 

the  Saurischia,  the  sub-order  of  the  Sauropoda  or  reptile-footed 
dinosaurs.  These  were  all  quadrupeds,  the  four  stout  legs 
supporting  the  huge  body,  from  which  projected  at  one  end  the 
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long  and  often  heavy  neck,  with  its  absurdly  diminutive  head, 
and  on  tlie  other  the  equally  long,  bulky  tail,  which  in  Diplodocus 


Fig.  1796.  —  Bronlaiaurus  txcdsus,  ComAOchean,  Rocky  Mountain  region, 
about  ijg  natural  size.     A,  ^gle  cervical  vertebra  (posterior  view)  ^  nat- 


(Figs.  1794-1795)  appears  to  have  ended  in  a  whiplash  ten  feet 
in  length.     The  length  of  a  specimen  of  this  genus  reached  87 


Fic.  1707.  —  A  sauropod  (amphibious)  dinosaur  of  Morrison  age,  Bron- 
tosaiaia  {Apalciaurus).  A  heavy -limbed,  quadrupedal,  herbivorous  form 
believed  to  have  lived  on  the  flood-plains  and  in  the  lagoons  of  ComancheaD 
time,  in  the  region  now  elevated  into  the  Rocky  Mountain  chain  of  Wyoming 
and  Colorado.     (Courtesy  of  the  American  Museum  of  Natural  History.) 

feet,  and  its  appearance  must  have  been  like  that  of  a  huge 
snake,  the  middle  part  of  whose  body  was  swollen  to  elephantine 
proportions  and  supported  on  four  short  pillar-like  legs.   Brontosau' 
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Tus  (Fig.  1796),  tie  "  thunder  lizard,"  another  huge  sauropod  from 
these  deposits,  was  far  more  bulky,  with  thicker  neck  and  tail, 
and  therefore  much  htavier,  one  with  a  length  of  66  feet,  8  inches, 
having  had  an  estimated  weight  of  38  tons  (Fig.  1797).  This 
creature  probably  consumed  in  the  neighborhood  of  700  pounds 
of  plant  food  per  day,  if  the  food  was  in  the  same  proportion  to 
its  bulk  and  weight,  as  in  the  case  of  modem  herbivores.  As 
these  animab  had  teeth  only  in  the  forward  margins  of  their  jaws 
(Fig.  1795),  the  food  was  apparently  not  masticated,  but  bolted 


Fig.  1 7g8.  —  Brackiesam-m,  the  brgest  known  dinosaur.  Sketch  recon- 
struction ttom  specimens  in  the  Field  Museum  in  Chicago,  and  the  Natural 
History  Museum  in  Berlin.  The  other  figures  are  given  for  comparison  of 
n«»-    (Xrh)     (After  W.  D.  Matthew.) 

intact  as  torn  from  the  vegetation  of  the  period.  To  assist  the 
reduction  of  this  food,  they  apparently  swallowed  large  stones,  for 
such  stones,  highly  polished,  and  foreign  to  the  country  rock, 
have  occasionally  been  found  within  the  ribs  of  these  animals. 
The  largest  of  these  herbivorous  creatures  has  been  obtained 
from  East  Africa  {Gigantosaurus  or  Brackiosaurus,  Fig.  1798), 
the  length  of  this  animal  having  been  estimated  at  120  feet,  though 
some  authorities  have  much  reduced  this.  This  animal  was  es- 
pecially characterized  by  long  and  huge  fore-limbs,  which  raised 
the  front  part  of  the  body  in  a  giraffe-like  manner.  As  all  these 
huge  Sauropoda  probably  lived  partly  submerged  in  the  land 
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waters  of  the  period,  this  creature  was  able  to  wade  out  to  a  con- 
sidenble  depth,  and  still  keep  its  head  above  the  water.    This 


Fig.  1799.  —  Igtuuudom  btrmttarteiais,  Comancbeaii  (Wealden),  Belgium. 
Skeleton  about  ^  natuni  size.  eo,Coracoid;  ii, ischium;  ^,  pubis;  ^^,past- 
pubb;  sc,  scapulfti  I-V.  digits.     (From  Steintnann.) 

aquatic  habitat  was  probably  resorted  to  in  order  to  escape  from 
the  numerous  carnivorous  dinosaurs  which  occupied  the  land. 

A  remarkable  fact  is  the  early  extinction  of  these  huge  beasts, 
for  they  appear  to  have  been  confined  to  the 
Comanchean.  Their  destruction  may  have 
been  due  to  the  submergence  of  the  lands  by 
the  encroaching  sea,  thus  reducing  the  food 
supply,  or  it  may  have  been  a  case  of  the 
natural  dying  out  of  a  race  whidi  bad  de- 
veloped to  extremes  of  bulk  and  specializa- 
tion, —  which,  in  other  words,  had  reached 
racial  old  age. 

The  dinosaurs  of  the  order  Ornilkisckia,  also 
called  Predentata  (on  account  of  the  toothless 
predentary  bone  which  united  the  two  halves 
of  the  lower  jaw  in  front),  were  exclusively  feeders  upon  plants, 
and  they  had  teeth  in  the  rear  of  their  jaws  only  (Fig.   1805). 


Fig.  1800.— Tooth 
of  Iguanodon  btrmt- 
sarUruit.  A,  outer, 
B,  inner  Nde.  One- 
bolf  Batural  Nze. 
(From  Steinmann.) 
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have  been  found  in  western  America,  and  these  have  shown  that 
the  skin  was  without  defensive  armor,  being  thin  and  covered  with 


Fic.  1803. — SktosMTM  Mttulatm    (after  Mush).     (XA)    Comanchcan, 
Wyoiniiig, 

small  tubercle-like  scales  {Fig.  1802).  The  four-fingered  hands  were 
webbed,  and  possibly  the  feet  also.     The  oldest  Omithopoda  are 


Fia.  1S04.  —  Slegosaurus,  the  huge  umored,  plant-eating  dinosaur  as  it 
appeared  in  its  native  haunts  in  Comanchcan  time.  (Courtesy  American 
Museum  of  Natural  History.) 

known  only  from  their  foot  impressions  in  the  Triassic  rocks  of 
the  Connecticut  Valley,  where  the  small  6ve-fingered  fore-feet 
occur  among  the  larger  three-toed  impressions  of  the  hind-foot. 
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or  bird-footed  group,  comprising  bipe<lal  unarmored  forms,  which 
used  their  shorter  limbs  to  rest  upon,  and  also  for  grasping  and 
pulling  down  the  branches  on  which  they  fed.  Characteristic 
members  of  this  group  were  Camptosaurus  from  the  Comanchean 
of  western  United  States  and  the  Jurassic  and  Comanchean 
of  Europe,  which  ranged  in  length  from  7  to  17  feet;  Iguanodon 
(Figs.  1799-1800)  from  Europe,  one  of  the  first  dinosaurs  known 
to  science,  a  form  about  34  feet  long  with  strong  three-toed  run- 
ning legs,  and  powerful  arms  with  four  fingers  and  a  spike-like 
thumb  on  each ;  and  finally  the  dudt-lulled  dinosaur,  Trochodon  (Fig. 


Fig.  1801.  —  Detail  of  tbe  skin  o(  the  dinosaur  "mommy"  {Traciadoit 
annecteia).  The  animal  appears  to  have  died  a  natural  death,  its  carcass  being 
exposed  for  a  long  time  to  the  sua,  which  parched  and  dried  it  until  the  tou^ 
skm  was  drawn  in  dose  around  the  skeleton.  Later  the  remains  were  buried 
in  a  bed  of  river  sand  and  clay,  which  preserved  the  Cretaceous  "mummy" 
intact.  See  Tig.  rSoi  and  Frontispiece.  (Courtesy  of  American  Museum  of 
Natural  History.) 

1801  and  Frontispiece),  which  lived  towards  the  close  of  the  Creta- 
ceous, the  contemporary  of  the  Tyrannosaurus,  from  which  it  was 
able  to  escape  only  by  its  fleetness  of  foot,  and  the  fact  that  its  tail 
was  a  powerful  swimming  oi^an,  and  probably  enabled  the  animal 
to  escape  in  open  water.    Mummified  specimens  of  this  animal 
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capacity  of  Stegosaurus  must  have  been  of  a  very  low  order,  for 
the  seat  of  its  intelligence  was  no  greater  in  volume  than  that  of  a 
three-weeks-old  kitten  (Williston).  Other  members  of  this  division, 
however,  exhibited  less  extremes  of  development  and  their  armor 
was  more  like  that  of  modem  crocodiles. 


^^ 


Fic.  i8oj.  —  Triceratops,  the  last  of  the  dinosaurs,  in  its  native  haunts  on 
the  Upper  Cretaceous  plains  of  western  North  America.  Its  huge  horns  and 
great  bony  (rill  over  the  neck  adapted  it  tor  both  offensive  and  defensve 
operations,  (From  the  p^nling  by  Charles  R.  Krught  maiie  under  the 
direction  of  J.  B.  Hatcher.) 

The  last,  and  in  many  respects  most  extreme  of  the  Omithischia, 
was  the  group  of  homed  four-footed  dinosaurs  or  Ceratopsia.  These 
had  much  the  appearance  of  mammals,  of  rhinoceros-like  aspect, 
with  a  length  of  20  to  25  feet  in  Triceratops  (Figs.  1806- 1807),  the 


Fic.   iSoS.  —  Rhamptimkynckia  femmingi,  Upper  Jurassic,  Lithographic  beds 

of  SolnhoFen.     Side  view  of  skull. 

j4,  orbit  with  Kleroticrine:  I^  sntorbitul  (orunEii ;  JV,  eitcnul  Oaul  (qwnlng;  one-half 

lutiual  aze.     (Afcu  Steinmann.} 

late  Cretaceous  representative  of  the  group.  This  had  three 
horns  upon  the  large  head,  one  of  these  on  the  nose  and  one  above 
each  eye,  while  the  rear  of  the  skuU  was  develo[>ed  into  a  huge 
bony  frill  or  crest,  which  served  as  a  protection  for  the  neck  when 
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the  animals  were  fighting  among 
themserves,  and  for  the  attachment 
of  powerful  muscles.  In  the  earlier 
forms  the  frontal  horns  were  less 
developed  or  were  rudimentary, 
but  the  nasal  one  was  always 
strong.  In  the  later  forms  the 
nasal  horn  became  reduced  and 
entirely  obsolete  in  one  form  (Di- 
ceratops}.  The  Ceratopsia,  so  far  as 
known,  were  entirely  confined  to 
the  Cretaceous  rocks  of  western 
America,  and  they,  in  company  with 
all  the  other  surviving  dinosaurs, 
suffered  an  apparent  sudden  and 
complete  extinction  at  the  end  of 
that  period,  so  that  not  one  of  them 
remained  to  witness  the  rise  of 
mammalian  life  in  the  Tertiary  eras. 
Pterosauria.  —  The  winged  sau- 
nans,  the  dragons  of  the  air,  were 
likewise  confined  to  the  Mesozoic. 
Their  means  of  flight  was  bat-like 
rather  than  bird-like,  but  unlike 
the  bat,  where  the  wing  membrane 
is  stretched  between  the  fingers 
(except  the  first)  and  thence  to  the 
legs,  the  flying  membrane  of  the 
pterosaurs  was  supported  only  by 
the  enormously  enlarged  last  finger 

of  the  hand,  from  which  it  extended  7tG..iSo9.—Dimorfh<idmmac. 
to  the  legs  and  taU  (Fig.  1683.  p.  '^/^^^^^^ti"^- 
681).     The  jaws  of  these  animals       ^   ^^^.^,  ^  ^^^.^  ,^^^^. 

were,     in    many    species,    furnished      JV,  nasal  opening ;  5.  Uteral  temporal 

with  powerful  conical   teeth  (Fig.    .'"^,-  '"^'  1"?-  "■  "^  '"^^■ 

V       t~    1.     1.        v     t^        .,»,»       ,i  ig.      ij^  fingers;   k,  humerus;   i.  acapula; 
1S08)  and  the  fingers  and  toes  gen-      ■,     ulna;    one-eighth    natural     Olt. 

erally  ended  .in  claws.    The  oldest    f*^"-"  stdnn-m>.) 
known  family  {Rkamphorhynckida)  of  this  group  is  long-tailed  and 
belonged  to  the  Jurassic.     It  is  represented  by  Rhantphorkynchus 
(Figs.  1638,  1808)  from  the  Uthographic  rocks  of  Bavaria,  while 
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other  related  genera  have  been  found  in  the  Juiasdc  of  England,  one 
(A  them  {Dimorpkodon,  Fig.  1809)  appearing  in  thelowerUas.    None 


Fig.  1810.  —  Pler(i(i(ic(}>iiui^f(>i(/ii,  the  smaller  flying  lizard.     Upper  Jui«sric, 
Lithographic  5eds,  Soluhofen.     Skeleton  from  ventral  dde.     (X  j.) 


disiti,  modified  in  the  hand  for  wing  supports.     [Frooi  Stdnnuuin.) 

of  these  have  been  found  in  America.  They  were  all  rather  small.  A 
second  family,  the  Pterodactylida,  comprised  short-tailed  animals, 
some  of  them  no  longer  than  a  sparrow.    This  family  includes  the 


Fio.  iSii.  —  PtcTanodmtionpcefs,  Upper  Cretaceous,  Kansas.   A,ikuUfrom 
above;  B,  from  side;  C,  lowei  jaw;  a,  eye  socket,    j^  natural  size.    (From 

Stdmnann.) 

European  Pterodactylus  (Figs.  1683,  1810)  of  the  Upper  Jurassic 
and  the  American  Nyctodactylus  from  the  Cretaceous  (Niobrara  d 
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Kansas)  which  was  toothless  and  had  a  wing  expanse  of  about  two 
meters,  and  another  less  well  known  fonn  from  the  American  Co- 
manchean  (Como  beds  of  Wyoming).    The  third  family,  the  last 


Fio.  1811,  —  Skeletonof  the  Giant  Flying  Reptile,  the  Plft-WM^OTt,  as  mounted 
in  the  American  Museum  of  Natural  Hiatory.  This  specimen  was  found  in  the 
Cretaceous  challt  of  western  Kansas.  It  is  i6  feet  from  tip  to  tip  of  the  wing. 
The  bones  are  very  thin  and  fragile,  and  it  is  thought  that  the  animal  did  not 
weigh  more  than  25  pounds.  The  missing  parts  are  painted  in  the  background, 
and  the  supposed  outlines  of  the  wings  restored  in  a  lighter  tint.  (After 
W.  D.  Matthew.) 

of  the  order,  includes  the  huge  Pteranodon  (Figs.  1811-1813)  with 
a  spread  of  wings  of  six  meters  and  a  long,  sharp  toothless  beak. 
The  remains  of  this  animal  have  been  found  in  the  Niobrara  (Creta- 


FiG.  1813,  —  The  Giant  Flying  Reptile,  Pteranodon.  Restomtion  drawn 
under  the  supervision  of  Ihc  lalc  Dr.  S.  P.  Langley,  of  the  Smithsonian  In- 
stitution. The  little  white  gull-like  birds  are  Ichtkyomis  —  one  of  the  toothed 
birds  of  the  Cretaceous.     (See  Fig.  1817.) 
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ceous)  beds  of  Kansas.  In  England  a  similar  fonn  has  been  found 
in  the  Cretaceous  strata  together  with  the  genus  OmUhochtints, 
which  differs  only  in  the  presence  of  well-developed  teeth  in  both 
jaws.  Fragments  of  skeletons  of  several  other  forms  have  been 
found  in  the  Wealden,  and  in  the  Upper  Jurassic  (Purbeck)  beds 
of  England. 

As  the  Pterosauria  appeared  suddenly  and  fully  developed  in  the 
Jurassic,  their  ancestry  must  go  back  to  the  Triassic,  though  at  pres- 
ent no  remains  of  these  gnimak  are  known  from  rocks  of  that  age. 

Birds 

The  Mesozoic  era  witnessed  the  rise  of  birds  from  a  primitive 

reptilian  ancestor,  from  which  probably  the  dinosaurs  also  arose. 


Fic.  1814.  —  Restoration  of  the  earliest  known  bird,  Archaopieryx.  The 
landscape  depicted  is  such  as  might  have  been  seen  along  the  shoies  of  one  of 
the  Jurassic  lagoons  in  the  Solnhofen  region,  Bavaria.  Along  the  beach  is  shown 
a  low  jungle  consisting  mainly  of  cycads  with  a  few  tall  ferns  and  conifers. 
In  the  distance,  high  up  in  the  sky,  is  seen  a  snaO,  winged  lizard  or  pterodactyl 
(Rhampkorhynchtis).  In  the  foregound  to  the  right,  an  Archaopteryx  is  de- 
picted perched  upon  the  crown  of  a  cycadophyte  tree  (Zamla).  It  holds  a 
small  fish  in  its  toothed  jaws,  and  grasps  the  tree-top  with  its  Qnger-like  daws. 
To  the  left  may  be  seen  an  Archaopteryx  flying,  its  slender,  reptile-like  body 
being  balanced  by  the  long,  broad  tail.     (After  Berry.) 

The  oldest  known  remains  of  birds  are  those  of  the  famous  ArcfiO' 
epieryx  (Fig.  1639,  P-  664),  represented  by  two  individuals  from  the 
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lithographic  stone  of  Bavaria  (Upper  Jurassic).  This  bird  was 
about  the  size  of  a  crow,  was  well  feathered,  and  probably  a  fair 
dyer  (Fig.  1814).  Though  undoubtedly  a  bird,  it  had  still  many 
reptilian  characters,  among  which  were  the  presence  of  teeth  in 
both  jaws,  the  free,  clawed  fingers  of  the  hand,  the  fully  developed 


Fig.  iSis.  —  SaptrornisregaUs,iesU)itd(Xft)-   Cretaceous.   (After  Marsh.) 


breastbone,  and  espedally  the  long,  vertebrated,  reptilian  tail, 
which  was,  however,  furnished  on  both  sides  with  a  row  of  feathers. 
In  all  later  birds  the  tail  is  short,  and  the  feathers  are  disposed 
fan- wise. 

In  the  Lower  Cretaceous  (Niobrara)  of  Kansas,  several  other 
birds  have  been  found,  all  of  which  still  retained  their  teeth.  The 
largest  of  these,  Hesfterornis  (Figs,  1815-1816),  4^  feet  in  length, 
had  lost  the  power  of  flight  and  had  developed  powerful  hind  limbs, 
well  adapted  for  wading  and  swimming.    Its  wings  and  shoulder- 
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girdle  were  reduced,  the  forearm  and  hand  being  entirely  lacking, 
and  the  breastbone  was  without  a  keel.  The  other  well-known 
form,  Ichthyornis  (Fig.  i8i7),was  a  small,  tem-like  or  gull-like  bird, 
a  good  flyer,  and  of  modem  aspect,  except  that,  like  Besperomis, 
its  jaws  still  bore  teeth.  In  both,  however,  the  forward  part  erf 
the  upper  jaw  was  toothless.  The  appearance  of  these  birds  is 
suggested  in  Fig.  1S13. 


Fic.  1816.— Toothofflei^w-         Fig.  1817.  — A  CteUceous  bird,  f«*- 
nis  rtgaiis,  with  the  young  tooth      thyomis    viclor,   restored.      About   one- 
which  grows  upward  to  replace      fourth  natural  size.    (After  Manh.) 
the  old  tooth  when  it  is  worn 
down,     fxs.)     (Alter  Marsb.) 

Mammals 
Mammals  became  differentiated  from  reptiles  by  the  develop- 
ment of  characters  which  insured  increased  activity,  as  a  restilt 
of  which  a  warm-blooded  condition  arose.  The  cause  for  this  has 
been  found  in  the  increase  of  aridity  towards  the  dose  of  PalKozoic 
time,  which  rendered  speed  necessary  to  traverse  the  arid  wastes, 
and  further,  the  coming  on  of  the  glacial  epoch  at  that  time  created 
conditions  under  which  only  those  that  could  best,  retain  their 
bodily  heat  were  able  to  survive.  Hence  a  covering  of  hair,  the 
distinctive  external  feature  of  the  mammal,  arose.    The  essential 
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mammalian  characters  had  probably  been  developed  from  the 
reptilian  ancestors  by  the  end  of  Permian  or  in  early  Triassic 
time,  and  it  is  probable  that  Africa  was  the  original  home  of  these 
animals. 

In  late  Triassic  time  both  Germany  and  the  eastern  United 
States  had  been  invaded  by  the  primitive  mammals,  and  they 
apparently  reached  western  America  in  Comanchean  time,  and 


Fig.  1818. — Dromatherium  sUvesire,  8  primitive  mammal  of  the  Upper  Triassic 
of  North  Carolina;  right  lower  jaw.  i,  incisors;  c,  canine;  p,  premolars; 
m,  molars.     Twice  enlarged.    (From  Steinmann.) 

continued  into  the  Cretaceous.  In  general  these  manmials  were 
smaU,  the  largest  hardly  exceeding  a  rat  in  size.  Some  had  sharp- 
pointed  teeth  and  probably  lived  on  animal  food.  Others  had 
teeth  fitted  for  an  herbivorous  diet,  with  sharp  cutting-teeth 
(incisors)  in  front,  and  broad-crowned  grinding  teeth  (molars) 
behind.  Some  may  have  lived  on  dinosaur  eggs  and  so  contrib- 
uted  to   the  extermination  of  their  huge  contemporaries.    In 


ir 

Fig.  1 819.  —  Right  lower  jaw  of  Diplocynodon  victor  (after  Marsh),  outside 
view  (Xi).  a,  canine;  6,  condyle;  Cy  coronoid  process;  d,  angle.  Coman- 
chean, Como  Bluff,  Wyoming. 

habit  they  were  probably  largely  arboreal,  living  mainly  in  the 
forest-clad  swamps  and  river  deltas  (Matthew). 

The  primitive  mammals  arc  classed  as  follows :  Proiodonta,  with 
deptition  more  of  a  reptilian  type  (fificrocotMdon  and  Dromatherium, 
Fig.  1818)  of  the  Upper  Triassic  coal  horizon  of  North  Caro- 
lina) ;  Triamodonia,  with  the  molars  bearing  a  large  median 
and  two  smaller  cusps,  one  in  front,  the  other  behind  (linear 
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series),  these  forms  being  found  in  the  Jurassic  of  England  and  the 
Comanchean  of  Wyoming;  MtdHtuberculata  (Allotheria),  with  a 
single  pair  of  rodent-Uke  cutting  or  incisor  teeth  above  and  below 
and  with  molars  bearing  two  or  three  longitudinal  rows  of 
tubercles.  They  occur  in  the  Lower  Triassic  of  Europe,  the 
Lower  Jurassic  (Karoo)  of  Africa,  and  the  Comanchean  of  Europe 
apd  North  America,  as  well  as  the  Cretaceous  and  Eocene  of  this 
country.  The  fourth  group,  the  TrUuberculata  (Pantotheria), 
with  molars  having  three  cusps  arranged  in  a  triangle  (Fig.  1819), 
were  probably  insect  eaters,  and  their  remains  are  known  from 
the  Jurassic  of  England  and  the  Comanchean  and  Cretaceous  of 
North  America. 


CHAPTER  XLV 
THE  TBRTIART  STSTBMS 

In  the  days  of  Werner,  the  rocks  and  loose  sands  which  covered 
the  Chalk,  the  highest  of  the  Secondary  or  Flotz  formations,  were 
designated  Angeschwemmt-gebirge,  a  term  roughly  translatable  by 
Alluvium.  In  Italy  and  elsewhere  these  formations  were  generally 
classed  as  Tertiary,  while  the  Nummulitic  limestones  of  the 
Pyrenees  and  Alps,  now  recognized  as  a  part  of  the  Lower 
Tertiary,  were  classed  as  a  part  of  the  Chalk. 

In  1810,  MM.  Cuvier  (portrait.  Fig.  6,  p.  24,  Pt.  I)  and  Brongniart 
described  the  geological  formations  which  underlie  Paris,  and  which 
consist  of  a  succession  of  horizontally  lying  sands,  clays,  limestpnes, 
marb,  gypsum,  etc.,  some  of  them  with  the  remains  of  marine 
animals,  others  with  the  remains  of  fresh-water  or  terrestrial  forms. 
They  are  well  exposed  in  many  ravines  and  other  natural  sections 
in  the  country  around  Paris,  and  because  of  their  finely  preserved 
fossils,  they  had  attracted  the  attention  of  naturalists  generally. 
The  formations  were  traced  from  outcrop  to  outcrop,  and  were 
found  to  have'^e  same  succession,  and  were  further  recognized 
in  the  different  sections  by  their  fossils.  When  the  shells  from 
these  deposits  were  studied  by  Lamarck  (portrait.  Fig.  7,p.  25,  Pt.  I), 
it  was  found  that  they  were  almost  all  of  species  unknown  in  the 
modem  seas,  while  their  nearest  affinities  were  with  those  of  the 
warmer  waters.  The  bones  and  skeletons  of  land-animals,  some 
of  them  of  large  size,  which  were  found  in  these  deposits,  especially 
the  gypsum,  were  studied  by  Cuvier,  and  declared  by  him  to  be 
distinct,  not  only  specifically,  but  for  the  most  part  generically 
as  well,  from  any  hitherto  observed  in  the  Uving  creation.     . 

Shortly  after  this,  the  days  and  sands  which  lie  in  the  tri- 
angular depression  in  which  London  is  situated  (London  Basin) 
and  similar  sands  and  clays  of  Hampshire  and  the  Isle  of  Wight, 
on  the  south  coast  of  England  (Hampshire  Basin),  were  examined, 
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and  their  fossils  comj^red  with  those  of  the  Paris  Basin.  It  was 
found  that  the  greater  number  of  species  in  the  two  r^oos  Vere 
specifically  identical,  and  essential  contemporaneity  of  the  forma- 
tions of  these  regions  was  thus  recognized. 

The  publication  of  these  studies^  and  the  descriptions  and  illus- 
trations of  these  fossil  shells  and  bones  in  a  great  series  of  mono- 
graphs and  in  the  Dictionnaire  des  Sciences  NatureUes  and  Lamarck's 
Histaire  NatureUe  des  Animaux  sans  Vertibres,  turned  the  at- 
tention of  naturalists  in  other  countries  to  the  little-altered  fossils 
in  their  superficial  formations.  These  formations  were  at  first 
assumed  to  correspond  essentially  to  those  of  the  Paris  Basin, 
because  like  them,  they  generally  rested  directly  upon  the  Chalk. 
When,  however,  the  shells  in  these  deposits  were  studied  in  de- 
tail, it  was  found  that  this  correspondence  was  by  no  means  a 
marked  one  in  all  cases.  A  pronounced  difFerehce  in  specific 
characters  was  especially  noted  by  the  Italian  geologist  Brocchi, 
in  the  shells  so  abundantly  preserved  in  the  low  hills  of  sandy 
strata  which  fiank  the  Apennines  on  both  sides,  from  the  plains 
of  the  Po  to  Calabria,  hills  to  which  he  gave  the  name  of  Sub- 
Apenpines.  Subsequently,  in  1825,  the  French  geologist  de 
Basterot  examined  the  shell-bearing  strata  exposed  in  the  neighbor- 
hood of  Bordeaux  and  Dax,  in  the  south  of  France,  and  foimd  the 
shells  to  differ  specifically  from  those  of  the  Paris  Basin  and  those 
of  the  Sub-Apennine  hills  as  well.  It  appeared  that  these  south 
of  France  shells  were  of  an  intermediate  character,  between  the 
Parisian  and  the  Italian  species,  and  it  was  not  long  before  the 
actual  superposition  of  the  strata  in  which  they  occur,  upon 
the  extension  of  the  Parisian  strata,  was  found,  especially  in  the 
Valley  of  the  Loire,  while  in  Piedmont,  beds  with  the  fossils  of  the 
Bordeaux  region  were  found  to  underlie  others  with  the  fossils  of 
the  Sub-Apennine  formations.  It  thus  became  evident  that  a  three- 
fold division  of  the  Tertiary  strata  was  possible,  and  to  these  three 
divisions  Sir  Charles  Lyell  (portrait,  Fig.  12,  p.  27,  Pt.  I)  in  1833 
gave  distinctive  names.  He  called  the  oldest,  those  of  Paris  and 
London,  Eocene,  signifying  dawn  of  the  recent,  because  they  con- 
tained only  a  small  proportion  of  living  species  of  Mollusca  (about 
3^  per  cent).  The  next  division,  comprising  the  formations  of 
Bordeaux,  the  Gironde,  and  the  Loire,  he  called  the  Miocene, 
signif3dng  less  recent,  because  they  contain  a  minor  proportion 
of  recent  species  of  Mollusca  (about  17  per  cent),  while  those  of  the 


Subdivisions 


781 


Sub-ApenniiKs,  whidi  coatain  a  much  larger  number  of  recent 
sptdes  of  MoUusca  (35  to  50  per  cent)  be  called  Pliocene,  signify- 
ing more  recent.  Lyell  bad  found  in  Sicily  thick  formations  in 
which  the  number  of  species  of  MoUusca  identical  with  modem 
forms  constituted  from  90  to  95  per  cent  of  the  whole,  and  these 
he  called  Newer  Pltocene,  referring  the  Sub-Apennine  formations 
to  the  Older  Pliocene.  These  Sicilian  or  Newer  Pliocene  beds  are 
now  classed  by  some  as  oldest  Quaternary,  though  others  still 
retain  them  as  Upper  Pliocene. 

The  percentage  of  recent  species  of  Moltusca  found  in  the  several 
divisions  made  by  Lyell  no  longer  holds  true,  but  the  fact  remains 
that  these  divisions  are  faunally  as 
well  as  stratigraphically  distinct  and, 
in  the  opinion  of  some,  are  entitled 
to  the  rank  of  systems.  Between 
the  original  Eocene  and  Miocene 
divisions,  and  partly  com[K)sed  of 
the  beds  formerly  referred  to  the 
top  of  one  and  the  bottom  of  the 
other,  lies  another  division  of  equal 
rank,  to  which  in  1834  the  German 
geologist  von  Bey  rich  (portrait,  Fig. 
1S20)  gave  the  name  OUgocene  (sig- 
nifying few  recent  species).  Finally, 
in  1874,  the  naturalist  Schimper 
recognized  the  importance  of  dis- 
tinguishing the  oldest  Tertiary  rocks  as  a  separate  division  preced- 
ing the  Eocene,  and  he  proposed  the  name  PtUaiocene  for  it. 
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SCBDIVtSIONS 

The  Tertiary  or  Cenozoic  as  now  recognized  is  divided  into  five 
systems,  which  naturally  fall  into  two  major  divisions,  the  Older 
Tertiary  or  Eogene,  and  the  younger  Tertiary  or  Neogene. 
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f  Pliocene  01 
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We  shall  discuss  these  under  their  two  main  subdivisions,  the 
Eogene  and  the  Neogene.    The  principal  formations  of  the  Amen-    .' 
can  Tertiary  with  their  European  equivalents  are  given  in  the 
table  facing  this  page. 

The  Tertiary  of  North  America 

The  PdUEocene  Disturbances 

The  Palasocene  is  not  always  recognized  by  American  geologists/ 
who  class  it  as  Lower  or  Basal  Eocene.    The  known  deposits  of 


^     ^     :    f 


Fig.  1 82 1.  — Map  showing  the  outcrops  of  the  earlier  Tertiary  rocks  (Eocene 
and  Oligocene)  in  North  America.     (After  Bailey  Willis.) 


*  The  desirability  of  recognizing  it  has  recently  been  strongly  urged  by  Dr.  W.  D. 
Matthew. 
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this  period  are  few  and  not  extensive,  for  in  the  regions  now  ac- 
cessible, the  time  was  mainly  occupied  by  withdrawal  of  the  sea, 
by  folding  or  elevation  of  the  older  strata,  and  by  erosion.  Else- 
where in  the  sea,  of  course,  deposits  of  this  period  were  accumu- 
lating. 

The  Gulf  Region.  —  The  Palsocene  marks  the  culminating 
point  of  the  retreatal  movement  of  the  sea  inaugurated  in  late 
Cretaceous  time.  This  movement  was  coincident  with  a  period 
of  folding  of  the  strata  within  the  old  Cretaceous  geosyncline  of 
the  Gulf  region,  as  is  shown  by  the  fact  that  the  Cretaceous  beds 
of  the  Greater  Antilles  are  strongly  folded,  while  the  Tertiary 
beds  are  deposited  upon  the  eroded  surfaces  of  these  folds.  There 
is  some  indication  on  the  Island  of  Jamaica  that  folding  may  have 
occurred  at  intervals  during  the  whole  of  Palasocene  time  or  even 
later,  for  strata  of  that  age  appear  to  be  involved  in  some  of  the 
folds. 

The  old  Palxocene  mountain  chain  which  resulted  from  the 
folding  of  these  strata  began  in  the  east  as  a  single  range,  as  shown 
in  eastern  Porto  Rico,  but  divided  toward  the  western  end  of  that 
island  into  a  northern  and  a  southern  chain.  The  southern  one 
can  be  traced  through  the  elongated  Haitian  peninsula  of  Jaemel 
to  Jamaica.  It  appears  again  in  Honduras  on  the  Central  Ameri- 
can coast,  where  the  strike  of  the  folded  strata  points  to  Jamaica. 
It  is  true  that  a  great  water  body  separates  the  Honduran  end  of 
this  old  chain  from  the  west  Jamaican  end,  but  this  depression, 
as  well  as  that  between  the  Antilles,  is  of  comparatively  recent 
origin,  and  there  seems  to  be  no  reason  for  doubting  that  in  Palseo- 
cene,  and  probably  also  Eocene  time,  this  southern  range  extended 
continuously  from  Porto  Rico  or  farther  east  to  Honduras,  and 
thence  with  a  westward  trend  across  Guatemala,  Chiapas,  and 
Tehuantepec,  where  it  joined  other  Mexican  ranges.  The  second 
or  northern  range  can  be  traced  through  northern  Haiti,  and 
remnants  of  it  appear  in  the  Sierra  Maestra  of  southern 
Cuba.  This  line  of  strike  can  be  followed  through  the  Cayman 
group  of  islands,  the  bank  of  Misteriosa,  and  probably  through 
Swan  Island  to  the  center  of  the  Gulf  of  Honduras  (Bay  of 
Amatique),  where  the  Honduran  mountain  chain  of  similarly 
folded  rocks  rises  abruptly  and  continues  westward  through 
Guatemala.  This  line  of  folding  may  not  have  come  into  exist- 
ence until  Eocene  time,  or  it  may  have  become  accentuated  toward 
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the  close  of  the  Eocene.^  Possibly  another,  though  less  pronounced 
range,  extended  through  Cuba,  curving  southward  at  its  western 
end  and  continuing  east  of  Yucatan  to  British  Honduras. 

The  development  of  this  series  of  folds  from  the  strata  in  the 
old  Cretaceous  geosyncline  of  the  Gulf  region  appears  to  have  been 
accompanied  by  the  depression  of  the  old  Cretaceous  land  on  the 
north,  resulting  in  a  more  or  less  continuous  water  body  between 
this  new-formed  mountainous  land  and  the  landward  end  of  the 
present  Atlantic  coastal  plain  of  the  southern  United  States.  In 
this  channel  the  known  older  Tertiary  strata  of  the  region  were 
deposited.  Another  water  body,  the  Caribbean,  lay  to  the  south 
and  in  part  submerged  the  north  coast  of  South  America  as  in 
Cretaceous  time. 

The  Andean  Chain.  —  During  the  Palaeocene,  the  strata  of 
the  Andean  geosyncline  of  western  South  America  likewise  under- 
went a  folding,  this  being  the  first  appearance  of  the  Andes  Moun- 
tains, and  during  much  of  the  remainder  of  the  Tertiary,  these 
mountains  underwent  erosion,  ending  with  the  formation  of  a 
peneplane,  which  in  late  Tertiary  time  was  bodily  elevated,  warped, 
and  cut  by  erosion  into  the  present  ridges  and  peaks  of  the  Andes. 

A  new  geosyncline  appeared  to  the  west  of  these  newly  formed 
Andes,  and  in  this  the  marine  Tertiary  strata  (chiefly  later  Tertiary) 
of  western  South  America  were  deposited. 

The  West  Coast  Ranges.- —  Folding  also  affected  the  Cretaceous 
and  older  strata  of  the  western  or  Cordilleran  geosyncline,  for  we 
find  that  in  Washington,  Oregon,  and  parts  of  California  an  un- 
conformity separates  the  Eocene  and  Cretaceous  systems.  Else- 
where in  California,  however,  the  two  horizons  are  separated  only  by 
a  disconformity,  and  in  some  sections,  Palseocene  strata  apparently 
follow  conformably  upon  uppermost  Cretaceous  beds  (Danian). 

The  Interior  and  Rocky  Mountain  Region.  —  A  disturbance 
(Laramide  Revolution  of  Schuchert)  with  extensive  folding  also 
affected  the  interior  regions  of  western  North  America  at  this  time, 
producing  the  main  mountain  ranges  and  intermontane  valleys 
of  this  area,  though  a  more  recent  disturbance  has  also  occurred. 
The  Palaeocene  folding  produced  the  Rocky  Mountain  chains, 
and  a  parallel  series,  extending  more  or  less  continuously  from 
western  Wyoming  to  Mexico,  where  it  joined  the  extensions  of 

>  Vaughan  holds  that  the  main  disturbances  in  the  Antilles  took  place  at  the  end  of 
Eocene  time. 
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the  Antillean  ranges  already  referred  to.  The  old  land  area  be- 
tween the  Coloradoan  and  the  western  geosyndine  was  apparently 
arched  into  a  broad  anticline  and  broken  into  a  series  of  north- 
south  blocks  which,  by  tilting,  became  the  block-mountains  of  the 
Great  Basin  region  (p.  749,  Pt.  1) .  The  western  border  of  this  faulted 
region  was  marked  by  the  eastward-facing  fault  scarp  of  the  Sierra 
Nevadas,  and  the  eastern  by  the  westward-facing  scarp  of  the 
Wasatch  Moimtains.  Movements  continued  in  this  region  more 
or  less  throughout  Tertiary  time  and  in  some  parts  appear  to  be 
still  in  progress.  Within  this  great  interior  region,  as  well  as  in 
the  intermontane  valleys  and  in  the  remnant  of  the  Coloradoan 
geosyndine  east  of  the  Rockies,  only  continental  strata  were  de- 
posited during  Tertiary  time. 

It  is  thus  seen  that  the  Palsocene  was  primarily  a  period  of 
crustal  movements  and  deformation,  resulting  in  the  development 
of  great  mountain  chains,  chief  of  which  were  the  Mexico-Alaskan, 
the  Andean,  and  the  Antillean,  though  these  latter  may  be  in  part 
of  late  Eocene  or  early  Oligocene  age.  The  Appalachian  Moun- 
tain region  was  lifted  bodily  without  deformation,  and  the  great 
erosion  cycle  began,  which  carved  the  present  mountains  and 
valleys,  induding  those  of  the  Great  Lakes,  the  Hudson,  the 
Susquehanna,  and  the  other  transverse  and  longitudinal  valleys 
of  the  Appalachians. 

The  disturbances  in  some  sections  may  have  begun  in  late 
Cretaceous  time,  when,  as  shown  in  the  Coloradoan  geosyndine, 
the  deposition  of  the  Laramie  beds  marks  the  beginning  of  the 
elevation  of  the  land  and  the  retreat  of  the  sea.  In  some  sections 
it  appears  to  have  begun  only  some  time  after  the  opening  of 
Palsocene  time,  as  in  New  Jersey,  where  strata  regarded  as  early 
Palaeocene  {Shark  River)  rest  with  apparent  conformity  upon 
late  Cretaceous  beds.  In  still  other  regions,  as  in  the  Gulf  coastal 
plain,  the  movement  may  have  ceased  in  early  Palaeocene  time, 
for  strata  classified  as  of  this  age  rest  disconformably  upon  Cre- 
taceous beds.  But  on  the  whole,  the  disturbances  in  America, 
as  in  Europe,  apparently  took  place  mainly  in  Palseocene  time, 
but  with  later  repetitions.  Volcanism  accompanied  or  followed 
these  disturbances  in  the  western  United  States,  where  outpour- 
ings of  lava  characterized  this  period,  a  line  of  volcanoes  extend- 
ing from  Mexico  to  Canada,  while  others  broke  forth  in  the  Andean 
region  of  South  America. 
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Fig.  1822.  —  Map  showing  the  outcrops  of  the  later  Tertiary  rocks  (Miocene 
and  Pliocene)  in  North  America.    (After  Bailey  Willis.) 


Tertiary  Deposits  of  the  Gulf  and  Atlantic  Coast 

In  the  table  facing  page  782  the  principal  Tertiary  deposits  of 
North  America  and  their  European  equivalents  are  listed.  Of 
these,  only  the  Gulf  and  Atlantic  coast  deposits  on  the  east,  and 
the  Pacific  coast  deposits  on  the  west,  are  marine,  those  of  the 
interior  being  wholly  of  continental  character.  The  beds  of  the 
Gulf  coast  appear  to  be  only  the  overlapping  edges  of  those  which 
were  deposited  in  the  geosyncline  to  the  north  of  the  Antillean 
chain,  while  those  of  the  Atlantic  coast  were  probably  formed 
on  the  open  sea  coast,  similar  to  the  modem  deposits  of  this  region, 
with  which  they  have  much  in  common. 
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Paheocene. — ^he  oldest  Palaeocene  formation  appears  to  be 
the  Shark  River  group  of  glauconite  sands  and  marls  found  in 
New  Jersey,  where  it  rests  with  apparent  conformity  upon  the 
Upper  (marine)  Cretaceous,  and  still  retains  some  of  the  late 
Cretaceous  organisms.  On  the  Gulf  coast,  the  Midway  and 
^Wilcox  groups  have  been  referred  to  this  horizon.  The  Midway 
consists  of  300  to  450  feet  of  glauconite  sands,  days,  and  limestone, 
the  latter  disappearing  inland  by  replacement  with  marine,  and 
in  some  sections  fresh-water,  clays  and  sands.  The  Wilcox  is 
often  a  crosi^tiedded  sand.  It  contains  much  lignite  (hence  the 
name  Lignitic  group^  formerly  applied  to  it).  Beds  of  clay  also 
occur,  and  there  are  not  infrequently  fossiliferous  layers.  The 
maximvun  thickness  of  these  beds  is  in  the  neighborhood  of  900 
feet. 

Eocene.  —  This  begins  in  the  Gulf  region  with  the  Claiborne 
group  of  sands  and  calcareous  clays,  etc.,  often  rich  in  organic 
remains,  especially  mollusks.  There  is  sometimes  an  erosion 
interval  between  it  and  the  Wilcox  (Georgia)  and  elsewhere,  the 
older  rocks  are  overlapped,  and  the  Claiborne  rests  upon  the 
Cretaceous.  Westward  and  northward  the  series  merges  into 
lignite  sands.  It  is  succeeded  by  the  Jackson  calcareous  marls 
and  limestones  up  to  600  feet  thick.  These,  too,  are  replaced  west- 
ward by  sands  of  non-marine  origin  {Catahoula  sandstone  of  Texas). 

On  the  Atlantic  coast  of  Virginia  and  Maryland  the  Eocene 
is  represented  by  the  Pamunkey  formation  of  sands,  marls,  and 
clays  (225  feet  thick)  which  rests  disconformably  upon  the  Cre- 
taceous and  is  disconformably  succeeded  by  Miocene  deposits. 
Here  the  sea  encroached  only  in  Eocene  time  and  then  retreated 
again,  while  in  the  Gulf  region  deposition  was  more  nearly  con- 
tinuous, but  also  in  shallow  water.  These  deposits  extended  into 
northern  Mexico.  Upper  Eocene  beds  (St.  Bartholomew  formation) 
are  known  only  from  Cuba,  where  they  apparently  represent  the 
transgression  of  the  sea  over  the  Antillean  land. 

OUgocene.  —  This  is  wanting  on  the  Atlantic  coast  north  of 
South  Carolina,  but  is  well  represented  in  the  Gulf  coast,  where 
it  includes  the  Vicksburg  limestone-series  (Lower  Oligocene)  and 
the  Chattahoochee  formation  (Middle  and  Upper  Oligocene)  of 
clays,  marls,  and  limestones,  the  latter  often  highly  phosphatic. 

Middle  and  Upper  Oligocene  beds  are  also  found  in  Cuba,  in 
Santo  Domingo,  and  in  Porto  Rico,  and  it  is  probable  that  in 
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« 

Oligocene  time  a  considerable  part  of  the  old  Antillean  land  was 
submerged. 

Miocene.  —  Marine  Miocene  beds  {Chesapeake  formation) 
mainly  sands  and  clays,  with  an  abundance  of  fosdls,  chiefly 
moUusks,  were  deposited  upon  the  Eocene  of  the  Atlantic  coast, 
but  they  represent  only  the  Upper  Miocene.  There  is  thus  a  great 
hiatus  between  the  Eocene  and  the  Miocene,  for  the  upper  beds 
of  the  Eocene  of  this  region  (Pamunkey  formation)  are  not  younger 
than  Claiborne.  The  later  Miocene  beds  also  locally  overlap 
the  older  members  of  the  Upper  Miocene  of  this  region,  showing 
progressive  advance  of  the  sea.  In  South  Carolina  the  Miocene 
beds  are  often  highly  phosphatized,  forming  an  important  source 
of  phosphate  rock. 

In  the  Gulf  coast  states,  on  the  other  hand.  Lower  Miocene 
beds  (Alum  Bluff  beds)  rest  conformably  upon  the  Oligocene  beds, 
but  are  followed  disconformably  by  Upper  Miocene,  the  Middle 
Miocene  and  generally  the  early  Upper  Miocene  being  absent. 
This  indicates  that  the  sea  did  not  withdraw  from  this  region  until 
toward  the  end  of  Lower  Miocene  time  and  then  returned  in  the 
late  Upper  Miocene,  when  it  also  advanced  on  the  Atlantic  coast. 

Lower  and  Middle  Miocene  beds  are  also  well  developed  in 
the  Antilles,  where  they  follow  apparently  conformably  upon  the 
later  Oligocene.  Upper  Miocene  deposits  appear,  however,  to  be 
absent  here.  Thus  the  retreat  and  readvance  was  not  uniform, 
but  the  basins  were  apparently  subjected  to  tilting  or  warping. 

Pliocene.  —  Marine  Pliocene  beds  are  found  only  from  North 
Carolina  southward  and  westward  to  Florida,  beyond  which  the 
known  Pliocene  beds  are  non-marine,  though  marine  beds  may  occur 
undercover  of  the  younger  deposits.  They  are  found,  however,  in 
Mexico,  especially  in  Tabasco,  Chiapas,  and  Yucatan.  In  the 
Carolinas  they  are  represented  by  thin  fossiliferous  marls  (Wac-- 
camaw  beds),  and  in  Florida  by  similar  marls  of  no  great  thick- 
ness (Nashua  and  Caloosahalchee  beds).  Above  them  lie  non- 
marine  later  Pliocene  beds.  Marine  conditions  thus  continued 
for  a  time  in  the  Pliocene,  after  which  the  final  retreat  of  the  sea 
from  the  present  land-surfaces  took  place. 

Tertiary  Deposits  of  the  Caribbean  Region 

In  early  Tertiary  time  the  Caribbean  Basin  was  apparently 
quite  distinct  from  the  Gulf-of-Mexico  Basin  on  the  north,  and 
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it  may  have  been  separated  from  the  Atlantic  as  well  by  a  land 
ridge  along  the  line  now  occupied  by  the  Lesser  Antilles  (Caribbean 
Arc).  This  basin  was  bouiided  on  the  north  by  the  Antillean 
land-mass,  and  on  the  south^by  the  oldland  of  northern  South 
America.  •  It  was  repeatedly  connected  with  the'  Pacific  across 
Central  America,  and  in  later  Tertiary  time*became  confluent  with 
the  Gulf  Basin  on  the  north.  Its  depth  was  probably  slight  in 
Tertiary  time,  the  present  great  depths  of  this  region  being  of 
recent  origin. 

The  first  connection  with  the  Pacific  occurred,  according  to 
Vaughan,  in  mid-Eocene  time,  and  continued  through  the 
late  Eocene.  A  similar  connection  existed  in  mid-  and  late 
Oligocene  time,  becoming  more  limited  in  the  early  Miocene, 
and  disappearing  by  the  rise  of  the  Central  American  lands  in 
mid-  and  later  Miocene  time.  Probably  a  narrow  interoceanic 
connection  existed  in  Pliocene  time,  which  admitted  an  Atlantic 
fauna  into  the  present  site  of  the  Gulf  of  California. 

These  connections  are  shown  not  only  by  the.  fact  that  similar 
organisms  occur  in  the  deposits  on  both  sides  of  the  Central  Ameri- 
can barrier,  but  also  by  the  presence  of  limestones  and  other  de- 
posits of  these  periods  on  Panama. 

The  Tertiary  deposits  of  Jamaica,  of  southern  Santo  Domingo, 
and  of  southern  Porto  Rico,  are  probably  to  be  regarded  as  the 
marginal  deposits  along  the  northern  boundary  of  this  Caribbean 
Tertiary  sea.  The  first  extensive  deposit  which  rests  upon  the 
folded  and  eroded  older  series  is  of  Vicksburg  or  early  Oligocene 
age,  though  there  may  also  be  some  late  Eocene.  The  Oligocene 
age  of  the  lower  beds  is  indicated  by  the  presence  in  them  of.  the 
large  foraminifer,  Orbitoides  {Lepidocyclina)  mantelli  (Fig.  1823  b), 
on  the  south  side  of  Porto  Rico  and  on  Jamaica.  This  occurrence 
suggests  a  partial  connection  with  the  Gulf  Basin  on  the  north, 
where  this  species  was  a  characteristic  rock-builder.  Subsequently 
the  connection  was  apparently  interrupted,  for  the  beds  with 
OrbUaides  are  followed  in  southern  Porto  Rico  by  Lower  Miocene 
(Chipola)  beds,  the  Middle  and  Upper  Oligocene  being  absent.  On 
Jamaica  the  beds  with  0.  manielli  are  followed  by  the  great  white 
Mantpelier  limestone,  about  1000  feet  thick,  and-  remarkable  in 
that  it  is  composed  chiefly  of  foraminiferal  shells,  with  sponge 
spicules  and  fine  odcareous  particles,  representing  essentially  a 
chalk.    No  terrigenous  material  and  no  mollusk  or  other  large 
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shells  occur.  Such  a  rock  indicates  peculiar  conditions  of  dep- 
osition. It  can  scarcely  be  of  deep-water  origin,  but  may  repre- 
sent the  deposits  of  a  stagnant  sea  into  which  only  pelagic  oi^n- 
isms  were  carried.  This  would  imply  that  at  that  time  the  Carib- 
bean Basin  was  largely  isolated.  Panama  then  was  formed  of 
a  ridge  of  igneous  rock  on  which  rested  sands  and  muds  with  marine 


FlO.  iSij.  —  Characterutic  types  of  orbitoid  Foraminifera  horn  the  Gulf 
coast  and  Antillean  region  of  North  America,  a,  Orbiloidis  iOrlliophrat- 
mna),  a  stellalely-marked  form,  trith  elongate  rectangular  lateral  chambers. 
uligocene.  6-rf.  Orbiloides  {Ixpidocyclina)  mauUUi,  outline  and  a  few  o(  the 
small  ceUs  or  "Latrial  chambeia"  seen  in  a  horizontal  section  or  worn  speci- 
men;  enlarged  to  show  their  hexagonal  form.  Lower  Oligocene.  (After 
Cushman.) 


fossils.  Limestones  with  large  Foraminifera  (fMhopkragmina, 
Fig.  1823  a)  on  both  sides  of  the  Isthmus  represent  a  late  Eocene 
or  early  Oligocene  submergence. 

In  apparent  accordance  with  the  bypothesb  that  the  Caribbean 
was  a  stagnant,  enclosed  body  of  water  into  which  pelagic  or- 
ganisms were  carried  (somewhat  like  the  Black  Sea,  but  not  so 
deep),  is  the  fact  that  the  oldest  Tertiary  deposit  of  northern 
South  America  (the  southern  margin  of  the  old  Caribbean)  con- 
sbts  of  continental  clays  and  sands  with  plant  remains  and  of 
higher  sands  with  Foraminifera.  Some  of  these  beds  contain 
petroleum,  which  would  be  the  natural  product  of  decay  of  or- 
ganic matter  in  a  stagnant  sea.  It  is  not  impossible  that  the 
asphaltum  of  Trinidad  dates  in  part,  at  least,  from  this  period. 

The  later  Oligocene  beds  of  this  basin  are  normally  marine,  as 
is  shown  by  the  richly  fossiliferous  limestones  which  overlie  the 
Montpelier  chalk  of  Jamaica.     At  that  time  the  connection  with 
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the  Pacific  was  established  and  fossiliferous  deposits  {Culebra 
formation)  were  forming  on  Panama.  This  condition  continued 
into  the  Miocene  (GiUun  formation  of  Panama),  when  richly  fos- 
siliferous deposits  were  formed  on  most  of  the  islands  of  the 
Antilles,  and  when  probably  the  continuity  of  the  Antillean  land- 
mass  had  been  broken,  so  that  both  the  northern  and  southern 
water  bodies  were  in  interconmiunication.  At  that  time,  too, 
the  neo-Andean  geosyncline,  formed  to  the  west  of  the  young 
Andes  Mountains,  was  flooded,  for  there  Miocene  strata  with 
the  Caribbean  fauna,  but  also  with  Pacific  and  North  Ameri- 
can elements,  rest  directly  upon  metamorphic  older  rocks  (Chile, 
Peru,  etc.). 

The  oscillations  of  the  sea  in  this  region  are  shown  by  the  fact 
that  the  early  Miocene  (Bowden  marls  of  Jamaica,  and  equivalent 
(Chipolan)  beds  of  southern  Porto  Rico)  rests  disconf  ormably  upon 
the  Oligocene  and  is  in  turn  disconformably  succeeded  by  beds  of 
Pliocene  age.  The  Upper  Miocene,  represented  upon  the  Atlantic 
coast  by  the  Chesapeake  formation,  is  everywhere  wanting  in  the 
Antillean  region  and  in  Central  America,  as  well  as  to  a  large 
extent  in  the  Gulf  coast  region.  This  marks  a  great  withdrawal 
of  the  waters  due  to  elevation  of  the  region.  North  and  South 
America  were  joined  by  Central  America,  and  the  Greater  Antilles 
were  joined  to  one  another  and  possibly  to  Central  America,  by  the 
reappearance  of  the  old  land  bridges  from  Jamaica  to  Honduras 
and  from  western  Cuba  to  Yucatan,  while  a  connection  with 
South  America  along  the  Caribbean  Arc  also  occurred.  While 
this  disturbance  was  pronounced  and  deformed  the  strata,  it 
was  not  nearly  so  marked  as  the  older  one  at  the  opening 
of  Tertiary  time.  Matthew,  however,  does  not  think  that  the 
manmials  of  the  Antilles  bear  out  these  connections,  and  it 
is  quite  possible  that  the  land  bridges  were  incomplete,  the 
continued  migration  from  South  America  being  prohibited  by 
open  channels. 

This  period,  too,  was  probably  one  of  stagnant  waters  in  the 
Caribbean,  so  that  organic  matter  no  doubt  accumulated  in  the 
more  central  portions  and  subsequently  produced  the  petroleum 
and  other  hydrocarbons  which  found  their  way  into  the  adjoining 
porous  strata.  It  is  conditions  of  this  kind  which  were  probably 
responsible  for  the  formation  of  the  extensive  Trinidad  asphalt 
deposits  which  impregnate  the  Miocene  rocks. 
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Tertiary  Deposits  of  the  West  Coast  Geosyndine 
In  Washington,  Oregon,  and  parts  of  California  the  Eocene 
and  Cretaceous  strata  are  separated  by  an  unconfonnity,  and 
Palfeocene  beds  are  mostly  absent,  but  elsewhere  in  California 
these  seem  to  be  included  in  the  oldest  sediments  (Martinet 
whidi  rest  with  apparent  conformity  on  late  Cretaceous  strata. 
The  Martinez  and  Tejon  are  mostly  sandstones  and  clays,  the  former 
between  looo  and  looo  feet  in  thickness,  the  latter  ranging  from 
1400  to  3300  feet.    The  upper  beds  of  the  Tejon  often  abound  in 


Fic.  1814. — Quarryin  the  diatom  deposits  of  the  Miocene  (Monter^)  *t 
Lompoc,  California.  The  diatoms  occur  in  enormous  numbers,  and  thdr 
organic  matter  is  believed  to  be  the  source  of  theCalifoniia  petroleum.  (After 
Jordan.) 

diatoms  and  Foraminifera,  but  shells  of  Pecten  and  other  MoUusca 
also  occur.  In  some  localities  carbonaceous  shales  with  a  brackish 
water  fauna  are  included  in  the  Tejon.  All  these  facts  point  to 
shallow  water  and  occasional  l^oonal  conditions  with  stagnant 
water  in  which  the  Foraminifera  and  diatoms  were  deposited,  much 
as  they  are  in  the  Black  Sea  to-day,  though  the  depth  was  probably 
not  so  great  as  in  that  water  body.  That  the  water  was  stagnant 
or  else  highly  saline,  and  therefore  without  those  animals  whidi 
live  upon  the  dead  organic  matter  of  the  diatoms  and  Foraminifera, 
is  shown  by  the  fact  that  the  organic  matter  is  preserved  in  the 
form  of  petroleum,  which  now  saturates  the  immediately  overlying 
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sands  of  the  V aqueros  toTroRtion  (Miocene),  theseformingthechief 
sand  of  the  Coalinga  oil  district. 

In  some  sections  the  Tejon  overlaps  the  Martinez  and  rests  upon 
tbe  older  rocks,  even  upon  granites  and  gneisses.    In  still  other 
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areas  ahd  is  in  places  5400  feet  thick.  This  is  a  hard,  flinty  shale 
in  the  lower,  and  a  more  chalky  rock  in  the  upper,  part,  in  which 
almost  the  only  fossils  are  diatoms  and  Foraminifera,  shells  of 
MoUusca  and  other  animals  being  almost  entirely  absent,  though 
these  abound  in  the  rocks  below  and  above.  Moreover,  the  or- 
ganic matter  of  these  diatoms  and  Foraminifera  was  not  destroyed, 
as  it  would  have  been  if  there  had  been  bottom  animals  to  act  as 
scavengers,  or  a  free  circulation  of  the  water  to  produce  oxidation, 
and  it  thus  appears  that  during  the  deposition  of  this  formation 
the  physical  conditions  there  differed  considerably  from  those  which 
preceded  or  followed  (Figs.  1 824-1 826). 

It  has  been  suggested  that  these  accumulations  of  pelagic  organisms  occurred 
in  deep  oceanic  waters  (half  a  mile  or  more),  which  at  this  period  exbted  in 
California,  similar  to  the  oceanic  depths  of  from  2700  to  6000  meters  in  which 
such  organisms  accumulate  to-day.  It  is  extremely  doubtful,  however,  if  these 
deposits  accumulated  in  such  oceanic  depths,  though  fairly  deep  but  enclosed 
bodies  of  water  may  have  existed.  The  absence  of  these  deposits  in  some  sec- 
tions, and  the  fact  that  elsewhere  gypsiferous  beds  are  found  in  them,  while  the 
whole  series  is  more  or  less  impregnated  with  salt,  suggest  stagnant  and  probably 
highly  saline  lagoonal  waters,  into  which  these  pelagic  organisms  were  carried, 
as  such  organisms  are  carried  into  similar  water  bodies  to-day,  and  this  is  further 
indicated  by  the  preservation  of  the  organic  matter  as  petroleum.  Remains  of 
fish  and  other  pelagic  vertebrates  are  also  found,  and  occasionally  remains  of 
sharks  and  claws  of  crabs  occur,  all  these  animals  apparently  perishing  in  the 
unfavorable  environment  of  these  water  bodies.  Such  enclosed  basins  would 
readfly  be  produced  by  a  slight  warping  of  the  previously  normal  sea-bottom. 
That  such  changes  were  in  progress  in  the  coastal  geosyncline  is  shown  by  the 
fact  that  in  the  state  of  Washington  the  4000  feet  of  Lower  Miocene  shallow- 
water  marine  beds  are  folded  and  faulted  and  followed  unconformably  by  2000 
feet  of  Upper  Miocene  shallow-water  marine  strata,  the  mid-Miocene,  that 
is,  the  period  during  which  the  Monterey  beds  were  deposited  in  the  south,  being 
here  characterized  by  emergence.  A  subsidence  after  the  formation  of  these 
peculiar  deposits  would  submerge  the  barriers  and  restore  the  normal  marine 
conditions.  Such  a  restoration  is  shown  in  the  fossiliferous  Upper  Miocene 
deposits  (San  Pablo  formation)  and  the  sands  with  oysters,  pectens,  barnacles, 
and  other  shallow-water  forms  of  the  Sania  Margarita  formation  (possibly  late 
Middle  Miocene)  of  other  sections. 

The  Pliocene  in  the  more  southerly  region  consists  of  a  thousand 
feet  or  more  of  conglomerates,  sandstones,  and  clay  slates,  with 
shallow-water  marine  fossils,  and  further  north  (Coalinga  district) 
of  several  thousand  feet  of  marine,  fresh- water,  and  subaerial  de- 
posits (Tulare  formation).  Much  volcanic  material  occurs  in  the 
Pliocene  of  the  coast  ranges. 
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the  close  of  the  Eocene.^  Possibly  another,  though  less  pronounced 
range,  extended  through  Cuba,  curving  southward  at  its  western 
end  and  continuing  east  of  Yucatan  to  British  Honduras. 

The  development  of  this  series  of  folds  from  the  strata  in  the 
old  Cretaceous  geosyncline  of  the  Gulf  region  appears  to  have  been 
accompanied  by  the  depression  of  the  old  Cretaceous  land  on  the 
north,  resulting  in  a  more  or  less  continuous  water  body  between 
this  new-formed  mountainous  land  and  the  landward  end  of  the 
present  Atlantic  coastal  plain  of  the  southern  United  States.  In 
this  channel  the  known  older  Tertiary  strata  of  the  region  were 
deposited.  Another  water  body,  the  Caribbean,  lay  to  the  south 
and  in  part  submerged  the  north  coast  of  South  America  as  in 
Cretaceous  time. 

The  Andean  Chain.  —  During  the  Palaepcene,  the  strata  of 
the  Andean  geosyncline  of  western  South  America  likewise  under- 
went a  folding,  this  being  the  first  appearance  of  the  Andes  Moun- 
tains, and  during  much  of  the  remainder  of  the  Tertiary,  these 
mountains  underwent  erosion,  ending  with  the  formation  of  a 
peneplane,  which  in  late  Tertiary  time  was  bodUy  elevated,  warped, 
and  cut  by  erosion  into  the  present  ridges  and  peaks  of  the  Andes. 

A  new  geosyncline  appeared  to  the  west  of  these  newly  formed 
Andes,  and  in  this  the  marine  Tertiary  strata  (chiefly  later  Tertiary) 
of  western  South  America  were  deposited. 

The  West  Coast  Ranges. —  Folding  also  affected  the  Cretaceous 
and  older  strata  of  the  western  or  Cordilleran  geosyncline,  for  we- 
And  that  in  Washington,  Oregon,  and  parts  of  California  an  un- 
conformity separates  the  Eocene  and  Cretaceous  systems.  Else- 
where in  California,  however,  the  two  horizons  are  separated  only  by 
a  disconformity,  and  in  some  sections,  Paldeocene  strata  apparently 
follow  conformably  upon  uppermost  Cretaceous  beds  (Danian). 

The  Interior  and  Rocky  Mountain  Region.  —  A  disturbance 
(Laramide  Revolution  of  Schuchert)  with  extensive  folding  also 
affected  the  interior  regions  of  western  North  America  at  this  time, 
producing  the  main  mountain  ranges  and  intermontane  valleys 
of  this  area,  though  a  more  recent  disturbance  has  also  occurred. 
The  Palaeocene  folding  produced  the  Rocky  Mountain  chains, 
and  a  parallel  series,  extending  more  or  less  continuously  from 
western  Wyoming  to  Mexico,  where  it  joined  the  extensions  of 

1  Vaughan  holds  that  the  main  disturbances  in  the  Antilles  took  place  at  the  end  of 
Eocene  time. 


Fio.  1818.  —  Pulpit  rock.    An  erouoii  monument  in  coDtinenta]  Eocene  atnta, 
£cho  CafioD,  UtaJi.    (U.  S.  G.  S-,  courtesy  of  Popular  Science  MottMy.) 


Fig.  i8jq.  —  General  v 
oental  Tertiary  strata 


Fig.  1830.  —  BlufF  of  "Protoceras  sandstones"  b  the  Bad  I«nd  legion  of 
South  Dakota.  Continental  Upper  Oligoceue.  (U.  S.  G.  S.,  courtesy  Poptdar 
Science  MonlMy.)    ■ 


i  {"Teapot  and  cup")  of  finely 

Green   River  shales   capped   by   hard   brown   sandstone.     Upper   '. 
Wyoming,     (U.S.  G.  S.). 

798 


The  Tertiary  of  North  America 


799 


intermontane  basins  were  subject  to  arid  conditions,  with  the 
result  that  certain  of  the  beds  then  deposited  are  now  red,  while 
inothersectionsextensivebedsof  rock-salt  were  formed  (Fig.  1827). 
In  these  deposits  were  buried  the  remains  of  the  mammals  and 
other  ftnitpnU  of  that  period,  but  marine  Tertiary  formations  are 


FlO.   183*. —  Collecting  vertebrate  remains  from  continenUl  Tertiary  beds 
of  Bad  Lands  south  of  White  River,  Utah.     (Am.  Mus.  Nat.  History.) 

entirely  lacking  throughout  this  region.  The  strata  are  not  con- 
temporaneous in  the  different  intermontane  basins,  which  suggests 
that  they  did  not  come  into  existence  at  the  same  time.  The 
principal  basins  and  their  deposits  are  from  the  south  northward : 
I.  The  San  Juan  Basin  —  Palsocene  and  Lower  Eocene. 
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shells  occur.  Such  a  rock  indicates  peculiar  conditions  of  dep- 
osition. It  can  scarcely  be  of  deep-water  origin,  but  may  repre- 
sent the  deposits  of  a  stagnant  sea  into  which  only  pelagic  organ- 
isms were  carried.  This  would  imply  that  at  that  time  the  Carib- 
bean Basin  was  largely  isolated.  Panama  then  was  formed  of 
a  ridge  of  igneous  rock  on  which  rested  sands  and  muds  with  marine 


Fro.  181^.  —  Characteristic  types  of  orbitoid  Foraminifera  from  the  Gulf 
coast  and  AntilleEUi  region  of  North  America,  a,  Orbilnidis  ^Orlkoplrat- 
mina),  a  stellately-maiked  fonn,  nith  elongate  rectangular  lateral  chambers, 
tdigocene.  b-d.  Orbiloides  (Upidocyclina)  manteUi,  outline  and  a  few  of  the 
Ehmall  cells  or  "  latrral  chambers  "  seen  in  a  horizontal  section  or  worn  speci- 
men;  enlarged  to  show  tbeii  hexagonal  fonn.  Lower  Ohgocene.  (After 
Cushman.) 

fossik.  Limestones  with  large  Foraminifera  {Ortkopkragmina, 
Fig.  1823  a)  on  both  sides  of  the  Isthmus  represent  a  late  Eocene 
or  early  Oligocene  submergence. 

In  apparent  accordance  with  the  hypothesis  that  the  Caribbean 
was  a  stagnant,  enclosed  body  of  water  into  which  pelagic  or- 
ganisms were  carried  (somewhat  like  the  Black  Sea,  but  not  so 
deep),  is  the  fact  that  the  oldest  Tertiary  deposit  of  northern 
South  America  (the  southern  margin  of  the  old  Caribbean)  con- 
sists of  continental  clays  and  sands  with  plant  remuns  and  of 
higher  sands  with  Foraminifera.  Some  of  these  beds  contain 
petroleum,  which  would  be  the  natural  product  of  decay  of  or- 
ganic matter  in  a  stagnant  sea.  It  is  not  impossible  that  the 
asphaltum  of  Trinidad  dates  in  part,  at  least,  from  this  period. 

The  later  Oligocene  beds  of  this  ba^in  are  normally  marine,  as 
is  shown  by  the  richly  fossiliferous  limestones  which  overlie  the 
Montpelier  chalk  of  Jamaica.     At  that  time  the  connection  with 
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Fig.  iSjs-  —  Paleogeographic  map  of  North  America,  showing  the  distribu- 
tioD  of  land  and  sea  (black)  in  Eocene  time.    (Ori^naL) 

piedmont  sands  and  gravels  accumulated  in  the  remaining  portion 
of  the  old  Colorado  geosyncUne,  and  these  deposits  range  in  age 
from  Eocene  to  Pleistocene.  In  them  the  bad  land  topography 
of  the  Great  Plains  has  been  cut  (Figs.  1829-1832).  These  con- 
tinental deposits  have  furnished  a  great  number  and  variety  of 
bones  of  extinct  vertebrates,  some  of  which  are  illustrated  in  the 
next  Chtqiter.    Their  mode  of  occurrence  b  shown  in  Figure  1832. 
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During  the  Miocene,  ihe  great  Columbian  lava  flows  covered 
the  older  sediments  over  large  areas  in  western  North  America 
(Fig.  1833).    Tuffs  and  lavas  were,  however,  also  formed  during 


-  PalxogeograpMc  map  of  North  America,  Ebowing  tlie  dbtribu- 
uon  of  land  and  sea  (black)  in  Oligocene  time.    (Original) . 

Other  periods  of  the  Tertiary,  both  before  and  after  the  Miocene, 
and  in  some  regions  the  outbursts  of  volcanic  material  occurred 
at  successive  intervals,  long  enough  apart  to  permit  the  growth 
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of  forest  trees  on  the  disintegrating  surfaces  of  the  older  lava  and 
ash  deposits.  Those  of  the  Yellowstone  region  have  already  been 
referred  to  (p.  196,  Pt.  I)  and  some  of  the  silici£ed  trees,  since 
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Fio,  1837. — Palteogeographic  map  of  North  America,  showing  the  distribu- 
tion of  land  and  sea  (black)  in  Miocene  time.     (Original.) 

exposed  by  erosion,  are  shown  in  Fig.  1834.  In  the  accompanying 
series  of  maps  (Figs.  1835-1838)  an  attempt  is  made  to  present 
the  geographic  changes  in  North  America  during  Tertiary  time. 
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Fig.   1838.  —  Pskeogeographic  map  of  North  America,  showing  the  distribu- 
tion of  land  and  sea  (black)  in  Pliocene  time.    (Original.} 

The  Older  Tertiary  Deposits  of  Eukope,  Asu,  and  Aprica 

General  Geographic  Conditions.  —  In  early  Tertiary  time,  the 
geography  of  Europe  was  not  much  diSerent  from  that  of  late 
Cretaceous  time  (Fig.  1839).  The  land  mass  of  Atlantica  in 
western  Europe  had  become  divided  into  a  northern  or  Anglo- 
{celandic  and  a  southern  or  Iberian  (pass,  though  at  various  times 


Older  Tertiary  of  Europe,  Asia,  and  Africa    S05 

the  latter  again  became  united  to  the  land-mass  of  central  France. 
On  the  north  the  Fenno-Scandian  land-mass  lay  between  the  North 
Sea  channel  and  the  Uralian  channel  which  separated  it  from  A^. 
This  channel  expanded  southward  into  the  great  sea  which  covered 
much  of  European  Russia,  and  on  the  southeast  was  at  certiun 
times  continuous  with  the  Indian  Ocean. 

At  two  periods,  at  least,  this  Russian  sea  was  confluent  with  . 
the  North  Sea  charmel  across  northern  Germany.    The  Vindelidan 


Und-mass  still  separated  the  northern  seas  from  the  Mediter- 
ranean, extending  north  and  east  of  the  present  Carpathians  to 
the  Crimea  and  thence  eastirard,  north  of  the  present  Caucasus 
Mountains.  The  Turkish  land-mass  extended  into  the  Balkan 
peninsula  on  the  one  hand,  and  to  Arabia  and  western  India  on 
the  other.  Hnally,  the  African  land-mass  on  the  south  was  largely 
intact,  the  seain-Eocene  time  transgressingonly  across  the  Egyptian 
area.  The  main  water  bodies  were  thus  the  Russian  Sea  and  the 
North  Sea  on  the  north,  with  the  North  German  depression  be- 
tween ;  while  the  seas  of  southern  Europe  comprised :  the  Balearic 
or  western  Mediterranean  (at  times  confluent  with  the  Atlantic 
across  southern  Spain  and  across  southwestern  Fiance) ;  the  main 
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Mediterranean  Sea,  extending  south  to  Egypt  and  at  times  o>q- 
fluent  across  it  with  the  Indian  Ocean;  and  the  Black  Sea  or 
Pontian  basin  and  its  eastward  extension.  Most  of  these  seas, 
however,  did  not  reach  their  full  development  until  Eocene  time. 

Palaocene 

This  was  a  period  of  crustal  warping,  with  the  fonnation  of 

domes  and  basins,  but  without  extensive  folding.    The  seas  were 
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Rg.    1840.  —  PalKogeographic  map  of  Europe,  showing  the  distribution  of 
land  and  sea  (black)  in  later  Palteocene  lime.    (Original.) 

very  restricted  at  first,  but  later  expanded  (Fig.  1840).  The 
North  Sea  covered  northern  France  to  Paris,  Belgium,  and  the 
Netherlands,  and  subsequently  extended  into  southern  England 
(London  Basin),  which  was  then  joined  to  France.  In  this  ba^ 
the  Lower  Palfeocene  strata  (Jftmfian,  named  from  Mons,  Belgium) 
were  laid  down,  these  being  mostly  shallow-water  deposits  with  an 
Arctic  fauna.  Practically  everywhere  else  in  Europe  land  existed 
and  lai^  parts  of  the  Mediterranean  Basin  were  apparently  un- 
covered. Then  an  expansion  of  the  sea  took  place  so  that  Middle 
Palasocene  strata  rest  disconformably  upon  eroded  Cretaceous 
beds  (Fig.  184S).  The  transgression  of  the  sea  apparently  covered 
large  areas  of  the  North  German  lowland  and  extended  to  Russia. 
Probably  a  narrow  channel  extended  from  the  Paris  Basin  to  the 
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the  Pacific  was  established  and  fossUiferous  deposits  {Ctdebra 
formation)  were  forming  on  Panama.  This  condition  continued 
into  the  Miocene  iputun  formation  of  Panama),  when  richly  fos- 
siliferous  deposits  were  formed  on  most  of  the  islands  of  the 
Antilles,  and  when  probably  the  continuity  of  the  Antillean  land- 
mass  had  been  broken,  so  that  both  the  northern  and  southern 
water  bodies  were  in  intercommunication.  At  that  time,  too, 
the  neo-Andean  geosyncline,  formed  to  the  west  of  the  young 
Andes  Mountains,  was  flooded,  for  there  Miocene  strata  with 
the  Caribbean  fauna,  but  also  with  Pacific  and  North  Ameri- 
can elements,  rest  directly  upon  metamorphic  older  rocks  (Chile, 
Peru,  etc.). 

The  oscillations  of  the  sea  in  this  region  are  shown  by  the  fact 
that  the  early  Miocene  {Bcnvden  marls  of  Jamaica,  and  equivalent 
(Chipolan)  beds  of  southern  Porto  Rico)  rests  disconf  ormably  upon 
the  Oligocene  and  is  in  turn  disconformably  succeeded  by  beds  of 
Pliocene  age.  The  Upper  Miocene,  represented  upon  the  Atlantic 
coast  by  the  Chesapeake  formation,  is  everywhere  wanting  in  the 
Antillean  region  and  in  Central  America,  as  well  as  to  a  large 
extent  in  the  Gulf  coast  region.  This  marks  a  great  withdrawal 
of  the  waters  due  to  elevation  of  the  region.  North  and  South 
America  were  joined  by  Central  America,  and  the  Greater  Antilles 
were  joined  to  one  another  and  possibly  to  Central  America,  by  the 
reappearance  of  the  old  land  bridges  from  Jamaica  to  Honduras 
and  from  western  Cuba  to  Yucatan,  while  a  connection  with 
South  America  along  the  Caribbean  Arc  also  occurred.  While 
this  disturbance  was  pronounced  and  deformed  the  strata,  it 
was  not  nearly  so  marked  as  the  older  one  at  the  opening 
of  Tertiary  time.  Matthew,  however,  does  not  think  that  the 
mammals  of  the  Antilles  bear  out  these  connections,  and  it 
is  quite  possible  that  the  land  bridges  were  incomplete,  the 
continued  migration  from  South  America  being  prohibited  by 
open  channels. 

This  period,  too,  was  probably  one  of  stagnant  waters  in  the 
Caribbean,  so  that  organic  matter  no  doubt  accumulated  in  the 
more  central  portions  and  subsequently  produced  the  petroleum 
and  other  hydrocarbons  which  found  their  way  into  the  adjoining 
porous  strata.  It  is  conditions  of  this  kind  which  were  probably 
responsible  for  the  formation  of  the  extensive  Trinidad  asphalt 
deposits  which  impregnate  the  Miocene  rocks. 
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-  Paliogeographic  map  ot  Asia,  showing  the  distribution  of  land 
and  sea  (black)  in  PaUeocene  time.     (Original.) 


through  them,  into  a  residual  bed  which  was  then  covered  again 
by  the  transgressing  sea.  Thus  there  appears  to  have  been  a 
tilting  of  the  Mediterranean  Basin,  resulting  in  a  flooding  on  the 
south,  in  6arly  Palsocene  time,  and  emergence  on  the  north ;  then 
the  reverse  occurred,  —  emergence  on  the  south  and  flooding  on 
the  north  In  mid-Paleeocene  time.  Finally,  there  was  a  general 
flooding  in  late  Palsocene  time,  which  was  premonitory  of  the 
great  flooding  which  took  place  in  Eocene  time. 

During  the  Palseocene  the  Indian  Ocean  transgressed  over  East 
Africa  to  within  about  400  miles  of  Cairo,  but  did  not  cover  lower 
Egypt,  for  here  Eocene  deposits  rest  disconformably  upon  the 
Cretaceous.     In  Eocene  time  the  Indian  Ocean  and  Mediterranean 
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Sea  became  confluent.  The  Indian  Ocean  also  transgressed  over 
the  Arabian  border  in  PalEcocene  time,  as  is  shown  hy  deposits 
di  this  age  found  in  that  region.  In  the  Indian  peninsula,  on  the 
other  hand,  volcanic  activities  were  dominant,  for  there  the  great 
Deccan  trap-sheet  was  poured  out  over  the  latest  Cretaceous 
strata.     (See  map,  Fig.  1843.) 

Owing  to  the  wide  e]qx>sure  of  the  lands  in  Palteocene  time,  the 
older  formations  underwent  much  weathering,  and  residual  de- 
posits, such' as  phosphate  nodules,  bauxite  and  Ix^-iron  ores, 
were  extensively  formed  and  later  covered  by  the  sediments  of  the 
encroaching  Eocene  Sea.  This  horizon  is  therefore  of  coo»derable 
economic  importance. 
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1843.  —  Palcogerq^phic  map  of  Asia,  showing  the  distribution  of  land 
and  sea  (black)  in  Eocene  time.    (Origioal.) 
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Eocene  and  Oligocene 
The  Eocene  period  witnessed  a  wide  transgression  of  the  sea, 
especially  in  western  Asia  and  southern  Europe.  The  Indian 
Ocean  and  the  Mediterranean  Sea  became  confluent  across  Egypt 
(Fig.  1843),  where  the  first  extensive  marine  deposit  is  represented 
by  a  great  limestone,  largely  composed  of  the  large  foraminiferal 
shell,  NvmmulUes  (Figs.  1S44-1845),  and  hence  c^led  nuinmulitic 


^^ 


Fig.  1S44.  —  Nummulite!  latigatus  (X)),  Eocene  (lower  Lutetian) ,  Soissoniuus, 

France.     (After  Haug.) 

limestone.  This  rock  has  long  been  famous ;  it  was  known  to 
Herodotus  and  Strabo,  and  was  used  in  the  building  of  the  Great 
Pyramid  of  Gizeh  (Fig.  28,  p.  76,  Pt.  I).  It  rests  directly  upon  the 
Cretaceous  throughout  northern  Egypt,  and  many  of  its  fossils 
are  found  in  equivalent  beds  of  the  Mediterranean  Basin  as  well 
as  in  those  exposed  on  the  border  of  the  Indian  Ocean,  thus  clearly 
Indicating  the  continuity  of  these  seas  at  that  time.  This  con- 
tinuity was  again  broken  in  late  Eocene  time,  w^en  the  forma- 
tions of  north  Egypt  became  npn-marjne. 
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Not  only  was  the  entire  area  of  the  modem  Mediterranean 
flooded  by  this  advance  of  the  sea,  but  many  parts  of  the  border- 
ing lands  were  also  submerged  (Fig.  1846).  Probably  all  of  Italy, 
except  perhaps  the  central  ridge, 
was  covered  by  the  sea  which 
also  extended  over  the  areas  now 
occupied  by  the  Alps,  the  Car- 
pathians, and  the  Taurus  Moun- 
tains of  Asia  Minor,  while  the 
Black  Sea  flooded  the  region  of 
the  present  Caucasus  Mountains. 
These  areas,  now  deformed  and 
elevated,  were  then  geosynclines, 
each  lying  at  the  foot  of  the  land- 
mass  from  which  the  sediments 

were  derived.    Those  of  the  Alps  were  brought  by  rivers  from  the 
oldland  of  France  on  the  west  and  from  the  Vindelician  land  on  the 


Fio.  1845.  —  Piece  of  Dununulitic 
limestone  from  the  Pyrenees,  show- 
ing sections  of  shells;   natunl  Uie. 


Fic.    1846.  —  Palfeogeograpbic  map  of  Europe,  showing  the  distribution  of 
land  and  sea  (black)  in  Eocene  time.    (Original.) 

north.  Those  of  the  Carpathians  were  derived  from  the  old  pre- 
Carpathian  arc  of  land,  which  was  a  continuation  of  the  Vindelician 
land  and  enclosed  the  Hungarian  or  Pannonian  Basin  on  three  sides. 
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The  sediments  of  the  Taurus  and  Caucasus  geosyncUnes  came 
from  lands  on  their  northern  borders.  In  nearly  all  of  these 
geosyncUnes  the  sands  and  muds  accumulated  in  very  shallow 
water  or  actually  above  sea-level,  forming  a  clastic  rock  with 
few  fossils,  known  as  Flysch.  This  type  of  deposit  ^  a  thick- 
ness of  several  thousand  feet,  and  continues  into  the  Oligocene, 
forming  one  of  the  characteristic  early  Tertiary  rock  types.  In 
some  sections,  as  in  the  Carpathian  geosyndine,  local  lagoonal 


conditions  were  established,  and  salt  deposits  were  formed.  Else- 
where, in  Hungary,  in  Italy,  in  southwestern  France,  etc,  normal 
marine  deposits  accumulated,  in  which  nummulites  played  an 
important  part  as  limestone-makers.  Toward  the  end  of  Eocene 
time  a  partial  retreat  of  the  sea  set  in,  followed  by  a  readvance  in 
the  Oligocene,  which  was  especially  marked  in  mid-Oligocene 
time  (Fig,  1847).  Fresh-water  (river)  deposits  also  became 
prominent  in  the  Oligocene,  especially  in  the  Balearic  or  Western 
Mediterranean  Basin,  where,  during  the  mid-Oligocene  expansion 
of  the  sea,  extensive  gypsum  and  salt  deposits  were  formed,  some 
of  them  canying  potash  salts. 
In  mid-Oligocene  time  the  sea  also  filled  a  trough-Uke  de- 
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presskm  ^tuated  where  to-day  is  found  the  Rhine  Valley,  and 
this  channel  connected  the  Mediterranean  Sea  with  that  which 
covered  northern  Europe.  Later  this  channel  was  dosed  on  the 
north  by  a  rise  of  the  land,  and  the  waters,  by  evaporation,  gave  rise 
to  the  salt  and  finally  the  potash  deports  of  Alsace. 

■•-J-.  ^«*i  rf  Bray,  Wta 


Fig.  1848.  —  Restored  cross-section  showing  the  Eocene  strata  from  the 

Meudon  dome  to  the  Axis  of  Bray.    (After  Munier-Chahnu.) 

t,  Seoonuui  chalk  (irnwr  Cretaceous} ;  3.  Tbanetiui  beds  (Paheoccne) ;  3,  clay  and 

lignites  (lower  Loitdiiuan.  Upper  PklEocene} ;   4,  Cuiae  laodUoDCS  (upper  Loadinian, 

Upper  PaheoceDe);   coarse,  fossiliferous  Umegtone  (Calcaire  Grosiiet,  Eocene). 

In  northern  Europe  the  best  known  and  most  important  Eocene 
deposits  are  those  of  the  Paris  Basin.  They  rest  upon  erosion 
renuiMits  of  the  Palfeocene,  or  by  overlap  upon  the  Upper  Cre- 


—  SectioD  of  the  coasts  of  Frette  and  Montigny,  Seine-et-Oise, 
France.     (After  Vasseur  and  Carei.) 
t,  Upper LuWtian (Eocene);  j,  Auveisian (Middle  Eocene):  3.  Baitonlao:  4. Ludian 


{Upper  Eocene) ;  5,  Laltorl 


:r  Oligocene) ;  6,  Rupiliaa  (Middle  OUgoocae). 


taceous  (Fig.  1848),  and  consist  of  limestones  and  calcareous  sands, 
filled  with  molluscan  shells,  the  abundance  and  perfection  of  which 
have  made  this  region  famous  (Figs.  1877,  i88ia).  Toward 
the  end  of  early  Eocene  time,  however,  the  waters  freshened  so  that 


Fig.  1830.  —  Bluff  of  "Protocetss  sandstones"  in  the  Bad  Land  region  of 
South  Dakota.  Contiaental  Upper  Oligocene.  (U.  S.  G.  S.,  courtesy  Popular 
Scitnce  MonMy.)   ■ 


;  ("Teapot  and  cup")  of  findy  L 
Green   River   shales  capped   by   hard   brown   sandstODC.    Upper  PalKOCcne. 

Wyoming.     (U.  S.  G.  S.). 
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sum  was  deposited.  This  continued,  with  occasional  mcursions  of 
the  sea  into  the  basin  and  temporary  restoration  of  the  conditions 
under  which  normal  marine  animals  could  live,  until  a  total  of  35 
meters  or  more  of  gypsum  was  deposited.  These  gypsum  beds 
are  extensively  quarried  in  and  near  Paris  (Fig.  1850)  and  have 
become  famous,  for  from  them  were  obtained  the  skeletons  of 
mammab  and  other  vertebrates  from  which  the  naturalist  Cuvier 
(portrait,  Fig.  6,  p.  34)  was  able  to  restore  a  part  of  the  remarkable 
■  life-record  of  this  period  and  lay  the  foundation  not  only  of  com- 
parative anatomy  but  also  of  vertebrate  paleontology.  The  lagoon 
which  occupied  the  Paris  region  and  in  which  the  gypsum  was 
formed  was  about  half  the  size  of  the  Karabugas  Gulf  (Pt.  I,  p. 
339,  Fig.  169),  but  like  it  in  practically  all  respects.    Drought 


Ji'fuBraA^a^lfrg  H, 


Fig.  1851.  —  Cross-sectioD  through  the  Tertiary  beds  of  the  Berlin  ba^. 
(After  Berendt.)  a,  older  folded  rocks;  h.  Lower  Oligocene  gUuconite  sand; 
c.  Middle  Oligocene  septaria* clay;  if,  MiddlcOIigocene  Stettin  sand;  ^  Upper 
Oligocene  quartz  and  mica  sand;  /,  Miocene  brown-coal  beds;   ;,  Diluvium. 


apparenUy  drove  the  animals  of  the  surrounding  regions  to  drink 
of  this  highly  saline  water  and  so  perish  and  leave  their  bones 
as  a  record  of  their  former  existence. 

The  North  Sea  expansion  also  covered  the  Netherlands  and 
the  North  German  lowlands  as  far  east  as  Berlin,  while  mudi  of 
Poland  and  Russia  was  likewise  covered  by  marine  waters.  In 
mid-OUgocene  time  (map,  Fig.  1847)  ^^hese  two  water  bodies 
became  confluent,  extending  across  northern  Europe  from  eastern 
England  to  the  Ural  Mountains  and  beyond,  covering  in  many 
places  deposits  of  lignite  and  brown-coal  which  had  been  formed 
on  this  lowland  plain  in  early  Oligocene  time  (Fig.  1851), 
and  covering  also  the  fresh-water  limestones  and  sands  which 
followed  upon  the  gypsum  beds  of  the  Paris  Basin.  These  marine 
conditions  continued  with  some  oscillations  to  tlie  end  of  the 
Oligocene  (Fig,  1852). 


The  Tertiary  Systems 


The  Lates  Testiasy  or  Neoceke  of  Eusope,  Asia,  and 
Afsica 

The  Neogene  includes  the  Miocene  and  Pliocene  deposits. 
The  period  opened  with  the  fonnation  of  the  principal  mountain 
ranges  of  modem  Europe,  though  these  were  further  accentuated 
in  subsequent  time.  These  mountain  ranges,  which  include  the 
Alps,  the  Carpathians,  the  Caucasus,  and  others,  were  formed  by 
the  folding  of  the  strata  of  the  geosynclines  of  the  preceding  periods, 
while  behind  these  mountains  upon  the  otdland  which  had  supplied 


Fio.  1853.  — Diagrammatic  sections  Olustrating  tbe  conditioDs  in  the  region 
ot  the  modem  Alps:.  (A)  in  Eocene  and  Oligocene  time,  when  the  strata  chiefly 
involved  in  the  Alpine  folds  were  deposited  in  the  Alpine  geosyncline,  and 
IB)  the  conditions  after  the  early  Miocene  folding,  and  the  formation  of  the 
new  geosyncline,  in  which  the  younger  Tertiary  beds  were  deposited.    (Original.) 

the  sediments  for  the  deposits  in  the  geosynclines,  a  new  series  of 
geosynclines  came  into  existence,  one  for  each  mountain  system. 
In  these  new  depressions  the  later  Tertiary  strata  were  deposited, 
formed  from  sediments  largely  derived  by  the  erosion  of  the  new 
mountains.  Thus  a  trough  extended  parallel  to  the  Alps  through 
France  (Rhone  Valley)  and  southern  Germany  (Fig.  1853).  In 
this  trough  the  Miocene  and  younger  deposits  were  partly  marine 
and  partly  fresh-water.  A  second  trough  ran  parallel  to  the  new 
Carpathians  on  the  east  and  north,  apd  there,  besides  marine 
embayments  in  which  reef-forming  Bryozoa  flourished  (Fig. 
1^54)1  w^*^  many  lagoons  in  which  great  salt  beds,  some  of  them 
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Fig.  1835-  —  Palieogeographic  map  of  North  America,  showing  the  distribu* 
tion  of  land  and  sea  (black)  in  Eocene  time.    (On^naL) 

piedmont  sands  and  gravels  accumulated  in  the  remaining  portion 
of  the  old  Colorado  geosyncline,  and  these  deposits  range  in  age 
from  Eocene  to  Pleistocene.  In  them  the  bad  land  topography 
of  the  Great  Plains  has  been  cut  (Figs.  1829-1833).  These  con- 
tinental depodts  have  furnished  a  great  number  and  variety  of 
bones  of  extinct  vertebrates,  some  of  which  are  illustrated  in  the 
next  Chapter.     Their  mode  of  occurrence  is  shown  in  FiguK  1833. 
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best  known  of  which  is  in  the  region  around  \^enna  (Fig.  1856), 
Continental,  and  mixed  continental  and  marine  deposits  also  accu- 
mulated there  wherever  high  land-masses  furnished  much  sediment. 


Fig.  1856.  —  Schematic  crtss-section  through  the  Tertiary  Basin  of  Vienna, 
t,  Crystalline  rocks  of  the  Leithagebirge;  i,  Flysch  of  the  Wener  Wald; 
3,  marine  Miocene  (Mediterranean  stage) ;  4,  brackish  Upper  Miocene  (Sar- 
nuLtian  stage);  5,  Conteria  beds;  6,  Belvedere  gravels;  7,  Diluvium  and 
Alluvium.    (After  Karrer.) 

At  that  time  most  of  northern  Europe  had  become  dry  land,  the 
great  OUgocene  seas  which  had  covered  it  having  withdrawn. 
Only  the  North  Sea  stretched  south  from  the  Arctic,  much  as  it 
does  to-day,  covering 
parts  of  Belgium  and 
the  Netherlands  but  not 
France.  England  and 
France  were  still  joined, 
but  the  Atlantic  pene- 
trated part  way  into 
western  France,  extend- 
ing at  one  time  as  far  as 
Tours  and  Blois  on  the 
north  and  for  some  dis- 
tance into  Aquitania  on  " 
the  southwest,  as  shown 
hy  the  marine  strata  in 
those  regions.  Else- 
where upon  the  dryland, 
and  other  conti- 
nental sediments  were 
fonning,  and  these  en- 
closed the  remains  of  the  mammals  and  other  land-animals  of 
the  period. 

The  Indian  Ocean  tran^essed  in  Miocene  time  over  the  African 
coastal  region  and  northward  far  into  Persia  and  northeastern 
Turkey,  almost  to  the  Black  and  Caspian  Seas,  which  were,  how- 


FiG.  i8s7-  —  Conteria  subglebosa.  Poadan 
(Upper  Miocene)  near  Modling,  Lower  Austria. 
(After  Partsch  from  Haug.) 
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ever,  distinct  and  a  part  of  the  European  system  of  waters. 
Extensive  deposits  of  limestone  and  other  sediments,  called  the 
Supra-nummulitic  formations,  w^fc  deposited  In  those  seas.  The 
final  evaporation  of  the  waters  gave  rise  to  great  salt  and  gypsum 
beds  in  Persia,  Armenia,  and  the  Trans-Indus  region,  includii^ 
probably  those  of  the  Salt  Range  which  were  at  one  time  thought 
to  be  of  pre-Cambrian  age,  because  Cambrian  strata  rest  upon 
them,  apparently  by  overthrust.  Great  fluviatile  formations  also 
were  accumulatir^  at  that  time  in  northern  India,  and  they 
enclose  the  remains  of  vertebrates. 


Fig.   1858.  —  Pabeogeographic  map  of  Europe,  showing  the  distributton  of 
loDd  and  sea  (black)  in  Pliocene  time.     (Ori^nal.) 

In  late  Miocene  time  the  seas  became  much  more  restricted  in 
Europe,  and  the  expanded  Caspian  and  Black  Sea  basins  be- 
came brackish  water  bodies,  in  which  the  pelecypod  Congeria 
(Fig.  1857)  was  especially  abundant.  This  continued  into  Pliocene 
time  (Fig.  1858),  while  over  the  Hungarian  Basin  extensive  fresh- 
water lakes  had  come  into  existence.  The  Apennines  had  begun  to 
rise,  but  the  greater  part  of  Italy  was  submerged  beneath  the 
waters  of  the  Mediterranean,  and  there  we  find  some  of  the  best 
marine  Pliocene  deposits.  The  latest  of  these,  the  Sicilian  (Hg. 
1859),  is  by  some  referred  to  the  Lower  Quaternary,  The  coastal 
lands  of  France  and  Spain  were  also  more  or  less  submerged. 
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It  was  at  that  period  that  the  Straits  of  Gibraltar  first  came  into 
existence,  so  that  Spain  broke  away  from  Morocco,  with  which  it 
was  united  up  to  that  time  (Fig.  164,3,  p.  666).  The  Straits  of  Dover, 
on  the  other  hand,  did  not  open  until  much  later,  England  and 
France  still  being  joined  by  a  land  bridge.    The  North  Sea  still 


Fig.  iSsg.  —  Con^omeratic  sandstone  of  the  Pliocene  (Sicilian)  at  Ficanzd, 
near  Palermo,  Italy,  with  Cyprina  islandica,  Dosinia  Untata,  Pecltn  tubcUnaha, 
Palm  optrcuiaris,  etc.  (Xj).     (After  Haug.) 

covered  some  of  the  coastal  lands  including  southeastern  England, 
but  so  far  as  we  know  the  Baltic  Sea  had  not  yet  come  into  exist- 
ence. As  in  other  periods,  continental  deposits  accumulated  on 
many  parts  of  the  lands,  and  they  included  the  remains  of  the  land 
animals  and  plants  of  the  time. 

Neither  the  Indian  nor  the  Padfic  oceans  transgressed  far  over 
the  Asiatic  lands  in  Pliocene  time,  but  thick  continental  deposits 
formed  at  that  period  in  many  parts  of  Asia. 
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the  latter  again  became  united  to  the  land-mass  of  central  France. 
On  the  north  the  Fenno-Scandian  land-mass  lay  between  the  North 
Sea  channel  and  the  Uralian  channel  which  separated  it  from  Asia. 
This  channel  expanded  southward  into  the  great  sea  which  covered 
much  of  European  Russia,  and  on  the  southeast  was  at  certain 
times  continuous  with  the  Indian  Ocean. 

At  two  periods,  at  least,  this  Russian  sea  was  confluent  with 
the  North  Sea  channel  across  northern  Germany.    The  Vindelidan 


Fig.  1839.  —  P&lzogeogra^^c  map  of  Europe,  showing  the  distributiDD  of  land 
and  sea  (black)  in  early  Pakeocene  time.     (Origiiial.) 

land-mass  still  separated  the  northern  seas  from  the  Mediter- 
ranean, extending  north  and  east  of  the  present  Carpathians  to 
the  Crimea  and  thence  eastward,  north  of  the  present  Caucasus 
Mount^s.  The  Turkish  land-mass  extended  into  the  Bal^n 
peninsula  on  the  one  hand,  and  to  Arabia  and  western  India  on 
the  other.  Finally,  the  African  land-mass  on  the  south  was  largely 
intact,  the  sea  inEocene  time  transgressingonlyacross  the  Egyptian 
area.  The  main  water  bodies  were  thus  the  Russian  Sea  and  the 
North  Sea  on  the  north,  with  the  North  German  depression  be- 
tween ;  while  the  seas  of  southern  Eurt^  comprised :  the  Balearic 
or  western  Mediterranean  (at  times  confluent  with  the  Atlantic 
across  southern  Spain  and  across  southwestern  France) ;  the  main 
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fine,  round  or  hexagonal  {Lepidacyclina,  Fig.  1833  &-rf)  or  quad- 
rangular {Ortkopkragmina,  Fig.  18330)  chambers,  reinforced  od 
each  side  by  similar  layers  of  concentrically  arranged  cells.    Other 


Fig  1S61  — Nummuliles  d  lucasanus  partly  sectioned  a  outer  or  donal 
margm  b  septa  d  wall  Eocene  of  Kressemberg  Eultirged  leveial  times. 
(From  Bernard.) 

common  Foraminifera,  mostly,  however,  with  greater  ruiges,  are 
Miliola  (Biloculina  (Fig.  1863),  Triioctdina,  Spirolocuiina  (Fig, 
1864),    Quinqueloculina),    the    discoid    OrbUoUUs,    the   elongate 


Fic.  1863. — Nunrntulites  numnudaria.    a,  external  view;   h,  horiioDtal  sec- 
tion; e,  transverse  section,  much  enlarged;  rf.udeview.    (After  d'Orbigny.) 
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Aveolina,  which  resembles  Fusutina  of  the  Paleozoic  and  is 
especially  characteristic  of  the  EuropeaQ  Tertiary,  where  it  is 
often  rodi-fonning.  Among  other  forms  are  the  disk-shaped 
AmpMsUpna  (Fig.   1865)  and  the  few-whorled,  flat  OpercvUna 


01 


FlO.  iii(n.~-Spkcloadina   badeit- 
Fig.  1863.  —  BUoeulina  inordinata,      sU,   a  Miocene    fonuniiufenl    shell 
Miocene,  Baden,   Two  views  snd  sec-      from    Bftden,    two     views.      (Haas' 
tion;  enlarged.  LeitfotsUUn.) 


Fio.  1S65.  —  Amphislegiiia  Ussotd.  A,  B,  opposite 
views;  C,  section  (a,  apertures;  b,  solid  adal  mass). 
A  characteristic  Miocene  foraminifer  (Leithakalk, 
Vienna),    enlatjed    eight    diameters.     (After    Steio- 


Fic.    1866.  —  Tar- 
binolia    sulcata,    side 
and    calicukr    view, 
much       enlarged.     Fio.  1867. 
(After  d'Orbigny.) 


-Endopacha  maelurii,  1 
d'Ort»gny.) 


and  BeUrostegina,  which  appear  like  minute,  laterally  compressed 
nautilojd  shells.  These  types  are  as  a  rule  sufficient  to  identify 
Tertiary  strata. 
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Corals.  —  Some  of  the  characteristic  simple  types  are  Turbinolia 
(Fig.  1866),  F/o^Uuffl  (Fig.  i868c,(t),Platytrochus (Fig.  i86Sa,b), 


Fig.   1S6S  — Tertiary  corals,    a.  6,  PUUyhocktu  sickest,  much  enlaiged. 

Eocene  (Llaibornc),  c,  FlabellutH  cunri forme,  side  view;  d,  F.  lercki,  calyx, 
Eocene  to  Oligocene  (Claiborne,  Jackson,  Vicksburg):  e,  Octdina  miiiiuipfi- 
emis.  Oligocene  (Vicksburg).     (I.  F.) 

and  Endopachus  (Fig.  1867),  besides  many  others.  The  compound 
corals  are  mostly  of  genera  still  living,  though  usually  tti  distinct 
species.     (Oculina,  Fig.  i868e  ;  Septastrxa,  Fig.  1869a),  etc. 


Fic.  i86q,  —  Compound  corals  of  the  Tertiary.      0,  Septmlraa  ntarykMiica, 
Upper  Miocene  (St.  Mary's);   b,  Asirohelia  palnmla,  Miocene.     (I.  F.) 

Brachiopods  are  rare,  Terebralula  alone  being  widespread  (Fig. 
1870). 

Pelecypods. — This  class  is  abundantly  represented,  but  the 
genera  are  mainly  modern  ones.    Among  them  may  be  dted  for 


Fic.  1871.  —  Tertiary  pelecypods.  a,  b,  Isocanlia  fralema  (Xi)i  erteriot 
uid  interior  views.  Miocene;  c,  Vmeriiardia  pUtnicosta,  left  valve  (X))> 
Eocene;  d,  Y.  smiiki,  right  valve  (X  J),  ExKene;  e,  /,  Venus  mtrceymria,  in- 
terior and  exterior  views  (Xi),  Miocene  to  recent;  g,  h,  GlycimaU  idonea, 
interior  and  eiterior  views  (Xi),  Eocene;  1.  Pattn  nuidiionius,  left  valve 
<Xi),  Miocene;  j,  P.  rhxlavensis,  left  valve  {X}),  Eocene;  i,  (,  Ckama 
congrtgata,  interior  of  left,  exterior  of  right  valves  (Xi),  Miocene  to  recent; 
M,  Peelen  mar^ndkut,  left  valve  (XJ).  Miocene,    (1.  F.) 
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their  frequency,  PecUn  (Fig,  1871  i,j),GlycitiKris  {Fig.  1871  g.  A), 
Area,  Venericardia  (Fig.  1871c, d),  Venus  (Fig.  iSjie,/),  Cytherea, 
Chama  (Fig.  1871  k,  I),  Cardium,  and  Congeria  (Figs.  1857,  1873). 


FlO.  1871.  —  Pliocene  Pectens  o[  California.     a,PecUnsteartaii;  b,  P.  (PatiHO- 
ptcten)  heaUyi  (both  X)).     (I.  F.) 


FlO.  1873.  —  Congeria  conglobata  (about  )  natural  size).    A,  anterior  vi 
showing  twisted  tieaks;  B,  interior  of  left  valve.    Pliocene  of  Europe. 
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Gastropods  are  equally  numerous  and  characteristic,  though 
again  modem  genera  predominate.  Mention  may  be  made  for 
their  frequency  of  TurriteUa  (Fig.  1874),  Ceritkium  (Figs.  1S75, 


Fig.  1874. — Tertiary  Turritellas.  a,  TurriitUa  cumberlandui  (Xj),  Miocene; 
*,  T.  iubannulaUi  (XiJ),  Oligoceixe-Pliocene;  c,  T.  pkbeia  (Xi),  Miocene; 
d,  T.  apkaiis  (XiJ), Pliocene;  e,  T.  peraiKnuala  (XJ),  Pliocene;  /,  T.  agms- 
triata  (XJ),  Miocene;  g,  T.  morUmi  (Xj),  Eocene;  A,  T.  iiOaita  (Xi). 
Oligocene-Miocene.    (I.  F.)    - 

1876),  Fusus  (Figs,  1877.  1878),  Clamlithes  (Figs.  1880,  1881  0), 
Pyrula  (Fig.  1881c),  Sycotypus  (Fig.  1882),  VolutiUthes  (Fig. 
1883  rf,  e),  Pleurotoma  (Figs,  1883  g,  1884  a),  Ecpkora,  and  others. 
Also  the  fresh-water   forms   Paludina    (Vivipara)    (Fig.    1885), 
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Fio,  i%7S.—Cerillnum         FiG.  1876. — Cmtluum         Fig.  1877.- 
strratum,  Eocene.  m<irgiin'(<iceum,OIigoceiie.      hnpreslris,  Mioceoe. 


Fig.  1878.— Fwim  asper  (X^)  with 
apical  portion  further  enlarged  (X  10)- 
A  characteristic  Eocene  shell  of  the 
Paris  and  London  basins. 


Fig.  1879.  —  Falsifiaut 
meycri,  Eocene.  Gulf  Coast 
of  North  America. 
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Fig.  i88ia.—       Fic.     i88ii.- 
FiG.   iSSo.  —  ClavilMts  solaaitri,   Clavilitkes  pahs-    Leiaikmu  bulbiformii, 
a  gerontic  individual,  one-half  nat-  iexis.     Eocene.    Eoceoe.     (Reduced.) 
unl  ioze;   Eocene.     London  Basin.    Paris    Basin. 
(After  Sowerby.)  (Reduced.) 


Fic.  tSSa.—Syco- 
typns  rugosus,  Mio- 
FiG.  i88nf.—  eene.  One-half  nat- 
Ficula  reticulata,  ural  siic  Atlantic 
Miocene.  Coast  o(  America. 
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Fig.  i8S3.  —  American  Tertmry  Kastropodi.  a.  Ecphora  (ncoifoto'' (X]), 
Miocene;  b,  c,  Orihatdax  gobbi  (Xi),  (^igocene- Miocene;  d,  e,  VoluiUUIiei 
pdrosus  (Xi),Eoceae;  f,DriUialimatuia(Xi),  Miocene;  g,  PUuroloima  bis- 
caieHoria  (Xi)i  Miocene.    (I.  F.) 
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Pkysa,  and  Planorbis  (Fig.  1886).  Cephalopods  are  rare  and  are 
represented  cliieBy  by  NmOiloids  with  lobed  sutures  {Aturia, 
Fig.  1887). 


Fic.  iMs.  — Series  of  PflWi'fMj  IVivipara)  from  the  Lower  Pliocene  d^wsits 
of  Sl&vonui.  a,  FatudtHn  neumayri;  i,  P.  (Tuloloma)  koemesi  from  the 
highest  beds;  b-i,  iDtennediate  forms,  showing  gradntion,  from  the  inter- 
mediate beds.     {After  Neumayr.) 

Among  the  Crustacea  the  crabs  or  brachyurian  decapods  are 
abiindant  (Fig.  188S).  Insects  are  niunerous  and  of  modem  type. 
Famous  insect-bearing  formations  are  the  OUgocene  amber  of  the 
Baltic  and  the  Lower  Miocene  lake  beds  of  Florissant,  Colorado 


Fig.  1886.  —  Plttnorbis  mulUffrmis,  a  very  variable  fresh-water  gastropod  from 
the  Upper  Miocene  sands  of  Steinheim  in  WUrttemberg.     (Enlarged.) 


(Fig.  1889).  Echlnoids  are  abundant  but  chiefly  of  the  irregular 
types,  common  genera  being  Linthia,  Maretia,  Conoclypeus  (Fig. 
1890),  and  Echinolampas  (Fig.  1891)  of  the  older,  and  ScuUUa 
and  Clypeaster  (Figs.  1892,  1893)  of  the  younger  Tertiary. 


832 


Life  of  the  Tertiary 


Fio.  i887-  —  ATertiarynautiloid,i4lwiflBonii«»M{XA), Eocene,  o-i.front 
&nd  lateral  views;  c,  rock  filling  between  two 'septa,  showing  tbe  lobes  of  the 
suture,  and  the  funnel-form  siphuncle.    (I.  F.) 


Fio.  1888. — Harpactocarcinus  punclutalus.  Eocene ;  Vicentin  mkk.   A,  doraal, 

B,  ventral  aspect,  a,  eye  sockets;  V,  rostrum;  8-jo,  segments  of  body; 
na,  maxilli;  /i,  first  pair  of  thoracic  legs  with  cheUe  (pincers)  s,  s';  ff-h,  sec- 
ond to  fifth  pair  of  thoracic  tt^s;  OfO,,  abdominal  s^ments;  sti-il^  stei- 
nites.     One-third  natural  size.     (After  Steinmann.) 
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Fig.  1S89. 7— Tertiary  Insects  from  the  extinct  Oligoceue  lake  of  Florissimt, 
Colorado.  a,b,  Odonata  or  dragon-Qies  (a,  Slenetcmpkui  carlttoni,  left  fore- 
wing  (X();  b,  TrkhocHtms  aliena,  right  wing  (Xi);  c,d,  Coleoptera  or 
beetles  {c,  Acalyptus  oblusus  (Xg);  d,  Cryptotrkynchus  profusus  (Xq);  both 
from  the  Florissant  beds) ;  e-k,  Lepidoptera  or  butterflies  and  moths  (;,  Pro- 
dryas  Persephone  (Xj);  /,  Jvpilcria  charon  (X();  f,  Barharolkea  Jion 
(XJ);  k,  Nympkaiiles  absctwus  (Xii).     (I.  F.) 


Fig.  iSqo,  —  Concclypeui  conoideus,  less  than  one-half  natural  size.    Eocene 
(nununulitic  limestone),    a,  enlai^ed  inadreporic  body  with  foui  genital 


Fig.  i8()3.  —  Ctypeasirr  pandifiorus.    Miocene.   View  of  the  upper  suT^ce 
denuded  of  the  spines,  showing  the  petal-foim  ambulacra,  and  view  of  lower 
surface,  showing  food  grooves  and  mai^inal  anal  opemng.     (After  Desor.) 
834 
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Fig.  18S9.— Tertiary  Insects  from  the  extinct  Oligocene  lake  of  Florissant, 
Cobrado.  a,  ft,  Odonata  or  dragon-fiiea  (a,  Slermtomphus  carkltmi,  left  fore- 
wing  (X|);  6,  Trkhecncms  aliena,  right  wing  (Xj);  c,d,  Coleoptera  or 
beetles  {c.Acdyptus  obtitiui  (Xg);  d,  Cryptorrhynckus  pra/uius  (X9);  both 
from  the  Florissant  beds) ;  e-b,  Lepidopfera  or  butterflies  and  moths  (;,  Pro- 
dryas  perseptumt  (Xl);  /,  JupUcria  charm  (Xl)i  t,  Barbarolkca  jlorissanli 
(X();  *,  NympkalUts  obscurm  (Xil).    (1.  F.) 


Fig.  iSqo.  —  Conoclypetu  ccnoideui,  less  than  one-half  natural  size.  Eocene 
(nummuUtic  limestone),  a,  enlarged  madreporic  body  with  four  genital 
pores. 
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other  reptiles.  There  were,  of  course,  many  genera  which  are 
not  represented  by  modem  species.  Of  those  genera  which  are 
still  extant,  the  species  were,  as  a  rule,  distinct  in  Tertiary  time, 
but  the  distinctions  are  mostly  such  as  only  a  specialist  can  recog- 
nize. Remains  of  birds  have  also  been  found,  but  by  far  the  most 
characteristic  animals  of  the  Tertiary  were  the  manunals.  To 
these  we  shall  devote  the  remainder  of  this  chapter. 

The  Mammals  of  the  Tertiasy 

The  Archaic  Mammals 

The  dawn  of  Tertiary  time  reveals  the  presence  upon  our  earth 
of  mammals  which  had  already  become  highly  specialized  and 
adapted  to  various  habitats,  though  in  their  structure  they  retained 
many  primitive  characters.  These  were  the  archaic  mammals 
with  extremely  small  brains,  simple,  triangular  teeth,  five-toed 
feet,  and  flat-footed  (plantigrade)  mode  of  progression.  They 
were  defective  in  mental  power,  ill  adapted  in  tooth-structure 
for  the  effective  procurement  of  food,  and  in  general  not  well 
fitted  for  rapid  motion,  because  of  their  flat-footedness.  In  other 
respects,  however,  they  had  become  very ,  diverse^  simulating 
the  structural  characters  which,  in  the  higher  types,  characterize 
the  different  groups.  There  were  forms  resenibling  bears,  cats, 
hyaenas,  rodents,  etc.,  but  these  were  not  ancestral  to  the  t3rpes 
they  resembled,  developing  rather  along  parallel  structiure  lines. 
It  appears  that  they  represent  the  first  attempt  of  nature  to  develop 
insect-eating,  flesh-eating,  and  plant-eating  mammals,  animals  with 
claws,  and  animals  with  hoofs,  but  this  attempt  was  unsuccessful, 
because  other  structures  were  not  developed  to  a  similar  degree. 
They  thus  represent  one  of  nature's  failures,  specialization  on  an 
insufficient  foundation,  and  it  is  probable  that  the  entire  group 
disappeared,  though  some  of  the  peculiar  primitive  mammals  of 
Australia  and  America  may  be  the  descendants  of  these  early 
types  preserved  to-day  In  specially  favorable  "asylums."  Such 
are  the  egg-laying  Echidna  and  Duckbill,  the  pouched  marsupials, 
(the  Australian  kangaroo  and  the  American  opossimi),  the  in- 
sectivores,  which  are,  however,  already  very  modem  in  struc- 
ture and  among  which  the  hedgehogs,  moles,  and  shrews  may 
be  mentioned,  and  the  edentates,  such  as  the  ant-eaters,  sloths, 
and  armadillos  of  South  America,  some  of  which  extend  as  far 
north  as  the  Southern  States. 


The  Lower  Vertebrates 
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The  Lower  Vertebrates 

Under  this  head  we  shall  note  the  hshes,  amphibians,  reptiles, 
and  birds. 

Sharks  were  abundant,  and  their  teeth  form  a  characteristic  fea- 
ture of  most  marine  Tertiary  deposits.    They  are  often  large,  up  to  6) 


J^ 


Fig.  1894.  —  A  fos«]  iish  (Diplomyslus  daiialus)  from  the  finely  Uminated 
cl»ys  of  the  Green  River  fonnation  {Upper  Palieocene)  b  Wyoming.  (U. 
S.  G.  S.) 

inches  long,  and  if  we  judge  by  the  relative  size  of  teeth  and  length 
of  body  of  modern  sharks,  such  a  form  must  have  been  70  or  80 
feet  in  length,  with  jaws  five  or  six  feet  in  width.  Bony  fishes 
(teleosts)   abounded  in  both  fresh  and  salt  water,  beautifully 


Fic.  1895.  —  Opposite  rides  oi  the  shield  of  a  Paliocene  turtle,  Hoplockelys 
tloHgota,  from  the  Torrejon  formation  of  San  Juan  County,  New  Mexico. 
(After  Gilmore.) 

preserved  specimens  being  found  in  the  Green  River  (Palieocene) 
shales  of  Wyoming  (Fig.  1894)  and  the  Tertiary  beds  of  Mt. 
Lebanon.  Amphibians  were  represented  by  close  relatives  of  the 
existing  types,  and  so  were  the  snakes,  turtles  (Fig.  1895),  and 
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other  reptiles.  There  were,  of  course,  many  genera  which  are 
not  represented  by  modem  species.  Of  those  genera  which  are 
still  extant,  the  species  were,  as  a  rule,  distinct  in  Tertiary  time, 
but  the  distinctions  are  mostly  such  as  only  a  specialist  can  recog- 
nize. Remains  of  birds  have  also  been  found,  but  by  far  the  most 
characteristic  animals  of  the  Tertiary  were  the  mammals.  To 
these  we  shall  devote  the  remainder  of  this  chapter. 

The  Mammals  of  the  Tertiary 

The  Archaic  Mammals 

The  dawn  of  Tertiary  time  reveals  the  presence  upon  our  earth 
of  mammals  which  had  already  become  highly  specialized  and 
adapted  to  various  habitats,  though  in  their  structure  they  retained 
many  primitive  characters.  These  were  the  archaic  mammals 
with  extremely  small  brains,  simple,  triangular  teeth,  five-toed 
feet,  and  flat-footed  (plantigrade)  mode  of  progression.  They 
were  defective  in  mental  power,  ill  adapted  in  tooth*structure 
for  the  eflFective  procurement  of  food,  and  in  general  not  well 
fitted  for  rapid  motion,  because  of  their  flat-footedness.  In  other 
respects,  however,  they  had  become  very .  diverse^  simulating 
the  structural  characters  which,  in  the  higher  types,  characterize 
the  different  groups.  There  were  forms  resembling  bears,  cats, 
hyaenas,  rodents,  etc.,  but  these  were  not  ancestral  to  the  types 
they  resembled,  developing  rather  along  parallel  structure  lines. 
It  appears  that  they  represent  the  first  attempt  of  nature  to  develop 
insect-eating,  flesh-eating,  and  plant-eating  mammals,  animals  with 
claws,  and  animals  with  hoofs,  but  this  attempt  was  unsuccessful, 
because  other  structures  were  not  developed  to  a  similar  degree. 
They  thus  represent  one  of  nature's  failures,  specialization  on  an 
insuflicient  foundation,  and  it  is  probable  that  the  entire  group 
disappeared,  though  some  of  the  peculiar  primitive  mammals  of 
Australia  and  America  may  be  the  descendants  of  these  early 
types  preserved  to-day  in  specially  favorable  ".asylums,"  Such 
are  the  egg-laying  Echidna  and  Duckbill,  the  pouched  marsupials, 
(the  Australian  kangaroo  and  the  American  opossum),  the  in- 
sectivores,  which  are,  however,  already  very  modem  in  struc- 
ture and  among  which  the  hedgehogs,  moles,  and  shrews  may 
be  mentioned,  and  the  edentates,  such  as  the  ant-eaters,  sloths, 
and  armadillos  of  South  America,  some  of  which  extend  as  far 
north  as  the  Southern  States 
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almost  simultaneously.  Because  of  their  greater  adaptability  to 
varying  conditions,  these  new  immigrants  soon  produced  a  variety 
of  new  types  and,  by  virtue  of  their  better  organization,  soon  forced 
the  older  and  more  primitive  inhabitants  of  the  invaded  territory 
to  yield  the  ground  and  finally  encompassed  their  destruction. 
Other  centers  in  which  mammalian  life  developed  in  the  Tertiary 
were  South  America  on  the  one  hand,  and  Africa  on  the  other. 


Fig.  1S98.  —  Restoration  of  a  prinutive  four-homed,  hoofed  1 
{Eobasilttti),  the  last  of  the  race  of  amblypods  or  heavy-limbed,  archaic  mam- 
mals. They  were  characteristic  of,  and  confined  to,  the  Eocene,  EobasiUus 
surviving;  to  the  Upper  Eocene.  To  the  right,  a  male  with  large  boms  and 
tusks;  to  the  left,  a  female  with  small  horns  and  tuaks.  (Courtesy  of  American 
Museum  of  Natural  History.) 

and  their  descendants  migrated  northward  and  mingled  with  the 
animals  of  northern  origin.  From  the  north  apparently  came 
the  flesh-eaters  or  carnivores,  the  gnawers  or  rodents  (mice,  rats, 
squirrels),  the  lemurs,  the  odd-toed  ungulates  or  perissodactyla 
(horses,  tapirs,  rhinoceros),  the  even-toed  ungulates  or  artio- 
dactyla  (pigs,  camels,  deer,  giraffes,  antelopes,  sheep,  cattle,  etc.) 
and  others.  Africa  appears  to  have  been  the  original  home  of  the 
mastodons  and  elephants,  and  of  some  of  the  aquatic  mammals  such 
as  sea-cows,  dugongs,  primitive  whales,  etc.    In  South  America 
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finally  arose  the  opossums,  ant-eaters,  sloths,  and  armadillos, 
some  of  which  penetrated  to  North  America  in  Tertiary  or  early 
Quaternary  time.  Two  periods  of  migration  between  South  and 
North  America  are  recognized  —  the  Palaeocene  or  basal  Eocene 
(also  perhaps  late  Cretaceous)  and  the  Pliocene. 

In  the  early  Tertiary,  the  manunal  life  of  North  America  and 
western  Europe  passed  through  similar  phases.  The  first  stage, 
according  to  Osbom,  comprised  the  archaic  phase  of  the  Palaeo- 
cene ;  the  second,  a  long  phase,  in  which  the  archaic  and  modem 
manmials  of  the  Lower  Eocene  intermingled ;  the  third,  a  very 
prolonged  period  from  the  Lower  to  the  Upper  Eocene,  in  which 
Europe  and  North  America  were  widely  separated  and  each  of  the 
ancestral  types  of  manmials  underwent  an  independent  evolution. 
This  was  followed  in  Oligocene  time  by  a  phase  in  which  the  animal 
life  of  western  Europe  and  North  America  was  reunited.^ 

Again,  in  Miocene  time  a  further  wave  of  European  mammalian 
life  swept  over  North  America,  including  the  advance  wave  of 
the  great  order  Proboscidea,  embracing  both  mastodons  and  ele- 
phants, which  appear  to  have  originated  in  Africa  or  in  southern 
Asia.  During  the  entire  Miocene  and  Pliocene  epochs  there  is 
more  or  less  unity  of  evolution  between  North  America,  Europe, 
and  Asia,  but  it  is  a  very  striking  fact  that  in  mid-Pliocene 
time,  when  a  wave  of  South  American  life  entered  North  America, 
certain  very  highly  characteristic  forms  of  North  American  mam- 
mals (camels,  etc.)  entered  Europe.  In  late  Pliocene  and  early 
Pleistocene  time,  the  grandest  epoch  of  mammalian  life  was  reached ; 
certain  great  orders  like  the  proboscidians  and  the  horses,  with 
very  high  powers  of  adaptation,  as  well  as  of  migration,  spread  over 
every  continent  except  Australia.' 

The  modernized  mammals  include  the  following  groups  besides 
the  insectivores,  which  are  considered  by  some  as  survivors  of  the 
archaic  types. 

I.  Camivora  —  or  true  flesh-eaters, 

a.  Rodentia  —  or  gnawing  animals. 

3.  Perissodactyla  —  or  odd-toed  ungulates. 

4.  Artiodactyla  —  or  even-toed  ungulates. 

5.  Proboscidea  —  elephants  and  mastodons. 

6.  Cetacea  and  Sirenia —  whales  and  sea-cows. 

7.  Primates  —  lemurs,  monkeys,  apes,  and  man. 

*  Origin  and  EooluUpn  of  UJe,  H.  F.  Osbom,  p.  261.       *  Osboni,  loc.  c$S^  p.  a6a. 
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Carnivores 

These  include  the  dog,  cat,  bear,  civet,  raccoon,  and  seal  tribes, 
both  living  and  extinct  representatives.  The  dogs  (including 
wolves  and  foxes)  appeared  simultaneously  in  Europe  and  North 
America  in  the  late  Eocene,  but  in  each  continent  they  were 
represented  by  different  genera.  These  may  have  been  developed 
from  a  common  ancestor  in  the  northern  home  and,  migrating 
in  opposite  directions,  may  each  have  undergone  a  different 
development.  Modem  domestic  dogs  and  wolves  seem  to  have 
been  developed  from  the  American  stock,  which  then  migrated  to 
Asia  by  the  Behring  Strait  land-bridge.  There  it  flourished,  while 
the  American  forms  died  out.  When  the  tme  dog  genus  (Cams) 
had  arisen,  it  spread  to  Europe  in  the  late  Pliocene,  then  to  Africa, 
and  finally  back  to  America,  reaching  the  home  of  its  extinct 
ancestors  in  Pleistocene  time. 

Meanwhile  in  Europe  there  developed  dogs  with  many  bear- 
like characters,  and  these  became  the  dominant  carnivores  of  the 
Old  World  in  Miocene  time  before  the  tme  dogs  or  wolves  (Cants) 
and  the  tme  cats  (Felts)  had  reached  Europe,  though  saber-tooths 
(Macharodus)  were  already  existing  there.  These  giant  bear- 
Vki  dogs  died  out  in  Europe  when  the  tme  wolves  appeared. 

Cats  are  known  first  from  Asia,  whence  they  spread  over  the 
entire  world  with  the  exception  of  Madagascar  and  Australia.  The 
race  falls  naturally  into  two  great  divisions,  the  biting  cats  (lions, 
tigers,  pumas,  etc.,  and  domestic  cats)  and  the  saber-tooths.  The 
latter  developed,  in  the  upper  jaw,  enormous  stabbing  canine  teeth, 
which  could  pierce  the  toughest  hides  of  the  contemporaneous 
herbivores  (Figs.  1946,  1947,  p.  893). 

Both  groups  of  cats  appeared  simultaneously  in  western  Europe 
and  North  America  in  Oligocene  time  and  continued  to  develop 
along  parallel  lines  in  both  continents.  Both  saber-tooths  and 
the  great  cats  (lions,  tigers,  .leopards)  became  extinct  in  North 
America  in  comparatively  recent  times  (Pleistocene),  though  small 
cats  (jaguars,  pumas,  lynxes)  continue  to  exist  to  the  present.  In 
the  Old  World,  too,  the  saber-tooths  became  extinct  after  the 
appearance'of  man,  but  the  great  cats  continued  to  live  in  Asia, 
whence  they  migrated  td  Africa. 

The  bears  were  probably  descended  from  early  dog-like  ancestors, 
but  their  full  history  is  still  unknown.    The  oldest  bears  are 
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found  in  the  Miocene  rocks  of  the  Old  World,  but  these  creatures 
apparently  did  not  reach  North  America  until  Pliocene  time.  They 
are  now  chiefly  confined  to  the  northern  hemisphere. 

The  seals,  sea-lions,  and  walruses  represent  a  remarkable  adap- 
tation of  the  carnivores  to  an  aquatic  life,  in  which  the  arms  and 
legs  are  modified  into  fins.  In  company  with  the  bears  they  lack 
the  characteristic  flesh-cutting  cheek,  or  camassial,  teeth  which 
distinguish  the  jaws  of  typical  carnivores.  The  seals  and  their 
relatives  probably  arose  from  land  carnivores  in  the  later  part  of 
the  early  Tertiary. 


The  Hoofed  Mammals  or  Ungulaies 

Two  distinct  groups  of  hoofed  animals  are  recognized :  those  in 
which  the  toes  on  each  foot  are  even  numbered,  either  4  or  2  as 
in  the  pigs,  hippopotamuses,  camels,  giraffes,  deer,  antelopes,  sheep, 
goats,  oxen,  etc.,  and  those  in  which  they  are  of  an  odd  number 
(S,  3,  or  I )  as  in  tapirs,  rhinoceroses,  and  horses.  The  former  are 
called  Artiodactyla  and  the  latter  Perissodaciyla,  The  even-toed 
type  is  often,  though  not  alwa)rs,' characterized  by  paired  horns, 
which  are  typically  wanting  in  the  odd-toed  types,  though  a 
single  one,  or  two  unpaired  horns,  may  exist,  as  in  the  rhinoceros. 

Both  of  these  groups  are  derived  from  ancestors  with  five  toes 
on  each  foot,  and  the  reduction  of  the  number  of  toes  can  be  corre- 
lated with  a  change  in  the  mode  of  progression  from  plantigrade 
(flat-footed)  or  digitigrade^  walking  upon  the  toes,  to  an  unguligrade 
mode  of  progression,  where  the  animal  has  raised  itself  upon  the 
tips  of  the  toes  in  order  to  attain  greater  swiftness  in  running. 
Because  of  this,  the  shorter  toes  were  seldom  in  contact  with  the 
ground,  and  so  became  aborted.  This  in  one  group  began  with  the 
first  and  fifth,  then  followed  the  second  and  fourth,  until  only  the 
middle  or  third  one  remains,  as  in  the  modem  horse.  In  the 
other  group  the  first  toe  or  finger  (thumb)  was  lost,  then  the  second 
and  fifth  became  reduced,  until  finally  only  the  third  and  fourth 
remained,  as  in  modern  cattle.  Corresponding  changes  took  place 
in  the  bones  of  the  fore  and  hind  feet,  this  being  in  the  odd-toed 
forms  primarily  a  reduction  until  only  vestiges  remained  (splint 
bones  of  the  horse),  while  in  the  even-toed  types  there  was  further 
the  union  of  the  two  middle  bones  of  the  foot  into  a  solid  "  cannon- 
bone." 
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Artiodactyla  or  Even^Toed  Ungulates 
This  order  includes  the  following  existing  types : 

I.  Pigs,  peccaries,  and  hippopotamuses, 

a.  Camels,  llamas,  and  chevrotains. 

3.  Giraffes,  deer,  and  prong-horn  antelopes. 

4.  True  antelopes,  sheep,  goats,  musk-oxen  and  cattle. 

We  shall  briefly  note  the  characters  and  geological  history  of 
some  of  these. 

Pigs,  Peccaries,  Hippopotamuses,  etc.  —  The  least  specialized  of 
the  even-toed  ungulates  are  the  pigs,  which  arose  in  Ein'ope,  and 
the  peccaries,  which  are  of  American  origin.  The  foot  of  the  pig  is 
short  when  compared  with 
that  of  the  other  members  of 
the  group,  while  only  the  first 
digit  is  lost,  though  the  sec- 
ond and  fifth  have  been  re- 
duced until  they  serve  only 
the  purposes  of  supplemen- 
tary toes,  the  main  weight 
of  the  animal  resting  upon 
the  third  and  fourth  digits, 
which  are  correspondingly 
enlarged  (Fig.  1899). 

The  home  of  pigs  and  pec- 
caries was  probably  in  Asia 
in  Eocene  time,  one  group 
migrating  to  Europe,  the 
other  to  North  America  by 
way  of  the  Behring  Strait 
land-bridge.  Many  branches 
of  pigs  developed  in  Europe 
during  Tertiary  time,  but  all 
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Fig.  1899.  —  Fore-feet  of  artiodactyls. 
Ay  pig,  Sus  scrofa;  B,  red  deer,  Cervus 
daphus;  C,  camel,  Camelus  bactrianus. 
These  show  the  progressive  reduction  in 
the  number  of  lateral  digits.  The  first 
is  lost  in  all;  digits  2  and  5  are  small 
in  the  deer,  forming  the  dew-claws; 
in  the  camel  they  have  disappeared  en- 
tirely, only  digits  3  and  4  remaining. 
(After  Flower.) 


except  a  few  became  extinct, 
one  of  the  surviving  lines  terminating  in  the  wild  pig  and  boar 
and  the  domestic  pig  of  to-day.  The  wild  pig  first  appeared 
in  the  Upper  Miocene  deposits  of  the  Old  World,  migrating  to 
the  East  Indies  and  to  North  and  East  Africa  in  Pliocene 
time.  "Domestication  by  primitive  man. probably  occurred  in 
Asia,  and  as  man  spread  over  the  world  he  carried  with  him  this 
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very  important  member  of  his  primitive  household.  Eventually 
the  pig  was  brought  to  America  by  the  Europeans,  and  from  these 
introduced  domestic  types  our  own  wild  or  feral  pigs  were  derived." 
The  peccaries,  the  early  American  members  of-  the  pig  tribe,  arrived 
here  from  Asia  probably  in  Oligocene  time,  and  now  range  from 
Texas  to  Pati^nia.  America  had,  however,  its  peculiar  pig-Uke 
animals  in  Tertiary  time,  which,  lilte  true  pigs  and  peccaries,  prob- 


Fio.  iQoo.  —  Restoration  of  giant  pigs,  Elolherium  (Entelodonts),  whkh  were 
common  in  the  Middle  Oligocene  of  Europe  and  America.    They  had  stilted  , 
legs  and  elongated  skulls  and  the  entire  body  was  of  larger  proportions  than  in 
the  pigs  of  tt^day.     (Courtesy  of  American  Museum  of  Natural  History.) 

ably  or^inated  in  Asia,  but  had  their  chief  development  in  this 
country.  These  were  the  giant  elotheres  and  the  cud-chewing  swtne 
or  oreodonts.  The  elotheres  or  mtrlodorUs  blossomed  out  into  a 
number  of  evolutional  lines,  all  of  which,  however,  became  extinct 
in  Miocene  thne.  With  many  characters  of  the  wild  boar,  they 
joined  the  long  head  and  stilted  tegs,  suggestive  of  the  horse,  and  thJe 
thick  neck  of  the  rhinoceros  (Fig.  iqoo).  The  oreodonts  had  a  more 
slender  neck,  and  the  head  was  held  more  erect,  while  the  feet  were 
primitive,  retaining  four  functional  toes  with  a  vestige  of  a  fifth 
(the  first,  as  usually  counted)  in  the  fore-foot  or  hand.    Their 
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teeth  were  a  combination  of  the  conical  cusps  of  the  pig  and  the 
crescent-shaped  ridges  of  the  typical  and  chewing  ungulates.  In 
size  they  were  seldom  larger  than  a  sheep.  They  first  appeared 
in  the  American  Eocene,  and  did  not  become  extinct  until  Lower 
Pliocene  time.  The  final  members  of  the  group  had  developed  a 
flexible  upper  lip  and  in  some  cases  a  short  proboscis,  like  that  of 
the  elephant.  These  later  forms  probably  led  a  semi-aquatic  life, 
though  most  of  the  oreodonts  were  animals  of  the  plains. 

Most  grotesque  of  all  modem  mammals  is  undoubtedly  the  hippo- 
potamus, or  "horse  of  the  rivers."  This  is  a  derivative  of  the 
European  swine,  and  though  confined  to  Africa  to-day,  it  ranged 
over  Europe  and  Asia  in  Pliocene  time. 

Camels.  —  To-day  camels  are  confined  to  the  Old  World,  where' 
they  are  represented  by  the  one-humped  Arabian  camel  or  drome- 
dary, and  the  two-humped  Bactrian  camel  of  Central  Asia.  There 
is,  however,  a  South  American  humpless  camel,  the  llama,  with 
two  wild  and  two  domesticated  species  (llama  and  alpaca),  but 
the  race  is  to-day  unknown  in  North  America  except  by  intro- 
duction. This  country  was,  however,  the  cradle  of  camel  life  in 
the  Tertiary,  and  from  here  they  spread  to  Asia  and  other  parts 
of  the  world. 

The  remains  of  the  oldest  known  camel  (Protylopus)  were 
obtained  from  the  Upper  Eocene  rocks  of  North  America.  It 
was  of  the  size  of  a  jack-rabbit  and  had  44  teeth,  whereas  the 
modern  camel  has  only  34, 16  in  the  upper  and  18  in  the  lower  jaw. 
The  fore-legs  of  the  oldest  camel  were  much  shorter  than  the  hinder 
ones,  and  the  bones  of  the  lower  fore-leg  were  distinct  and  com- 
plete, unlike  their  condition  in  modern  camels.  The  fore-feet 
had  four  digits,  the  two  outer  ones  shorter  but  still  functional, 
while  in  the  hind-foot  the  two  outer  toes,  though  present,  were 
useless.  The  bones  of  the  fore-foot,  too,  were  still  separated. 
The  progress  of  foot  development  of  the  camel  consisted  in  the 
further  reduction  and  final  loss  of  the  lateral  digits  and  in  the 
elongation  of  the  two  median  bones  of  the  fore-foot  and  their 
union  into  a  "cannon-bone."  The  animals  also  progressively 
increased  in  size. 

In  the  Oligocene,  cameb  of  the  size  of  a  modern  sheep  were 
abundant  in  Nebraska,  Colorado,  South  Dakota,  and  elsewhere 
west  of  Oregon.  Their  lateral  toes  were  by  that  time  reduced 
to  mere  nodules  and  wholly  useless;   the  bones  of  the  Ipwer 
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fore-leg  had  united  and  the  smaller  bone  of  the  hind-leg  (fibula) 
had  nearly  disappeared,  these  changes  making  for  greater  rigidity 
of  limb  structure.  The  camels  now  divided  into  three  branches, 
two  of  which  became  extinct  after  a  while.  The  third  again 
divided  in  the  Pleistocene,  one  branch  migrating  into  South 
America,  where  it  gave  rise  to  the  Hamas  (Auchenia),  the  other 
entering  Asia,  where  the  two  modern  species  survive,  while  all 
the  North  American  species  had  become  extinct,  partly  perhaps 
because  of  the  cold  of  the  glacial  period,  which  did  not  afiect  Asia 
or  South  America. 

Ruminants.  —  These  animals  chew  the  cud,  an  operation  familiar 
to  all  who  are  acquainted  with  the  habits  of  domestic  cattle.  The 
group  includes  the  solid-homed  or  antlered  deer  and  the  giraffe, 
on  the  one  hand,  and  the  hollow-homed  nmiinants  (antelopes, 
sheep,  goats,  and  bovines),  on  the  other.  The  antlers  are  formed 
as  a  modification  of  tme  bone,  and  are  shed  annually,  being  renewed 
in  a  few  months.  The  tme  horns  are  permanent,  consisting  of  a 
hollow  horn,  a  modification  of  the  skin,  inclosing  a  bony  core.  In 
all  of  these  animals  the  fused  bones  of  the  feet  (3d  and  4th  meta- 

podials)  form  a  very  long  cannon- 
bone,  ending  in  two  digits,  while  in 
the  deer  two  supplementary  digits 
(2d  and  4th)  are  represented  by  the 
"  dew-claws  "  used  in  some  species 
(reindeer  and  caribou)  in  walking  on 
soft,  mossy  ground.  In  other  words, 
the  modern  deer  has  not  progressed 
so  far  in  the  development  of  the  f oot- 
stmcture  as  has  the  camel  or  the 
bovines  (ox,  cow,  buffalo),  being  in 
this  respect  even  less  advanced  than 
the  ancestral  camel  of  the  Eocene 
(Protylopus).  Because  of  the  long 
cannon-bones,  the  wrist  and  ankle  of 
the  ruminants,  as  in  the  case  of  the 
camel  and  the  horse,  are  found  near 
the  middle  of  the  visible  part  of  the 
fore  and  hind-legs,  the  elbow  and  knee  being  close  to  the  body. 
The  antlers  of  the  male  deer  or  stag  (in  the  reindeer  and  caribou 
they  are  also  developed  in  the  female),  increase  in  complexity  from 


Fig.  1901. — Antlers  of :  a,  Cer" 
ws  {Polcsomeryx)  eleganSf  Mio- 
cene, Sansan;  b,  C.  (Pal.) 
anoceruSf  Upper  Pliocene,  Ep- 
pelsheim;  c,  C.  matkeroni, 
Upper  Pliocene,  Mt.  Luberon; 
dy  C.  mariialisy  Pliocene,  St.  Mar- 
tial. (All  about  ^  natural  size.) 
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Fig.  iQoi.  —  Antlers  of  Cerau  sedgwicki  (X  about 
■^),  Upper  Pliocene,  Valley  of  the  Amo. 


year  to  year  by  the  addition  of  new  prongs.  In  the  first  year 
only  frontal  protuberances  (fossets)  are  developed.  In  the  second 
year  the  antlers  are 
simple  spikes,  and 
in  the  third  a  prong 
appears,  after  which 
a  second  and  third 
prong  appear  in  the 
fourth  and  fifth 
years,  respectively, 
the  number  con- 
tinuing to  increase 
yearly.  This  com- 
plexity parallels  that 
developed  during 
the  history  of  the 
deer  tribe  as  a  whole  (Figs.  1901, 1902).  Thus  the  adult  deer  of  the 
Middle  Miocene  had  only  two  prongs  to  its  antlers,  that  of  the 
Upper  Miocene  three,  of  the  Lower  Pliocene  four,  while  still  more 
recent  forms  had  five  prongs.  These  successive  ancestral  antler 
characters  are  therefore  repeated  in  the  individual  development  oi 
the  modem  deer. 

Perissodactyla  or  Odd-toed  Ungulates 
This  division  includes  the  following  families:  i,  Palaeotheres ; 
3,  Horses ;  3,  Titanotheres ;  4,,  Tapirs ;  5,  Lophiodonts ;  6,  Hyra- 
codonts;  7,  Rhinoceroses;  and  8,  the  peculiar  aberrant  Chilico- 
theres.  A  few  of  these  may  be  noted  more  fully, 
I  Polsotheres.  —  Among  the  bones  found  in  the  gypsum  quarries 
of  Paris  and  vicinity  were  those  of  a  peculiar  animal  which  possessed 
characters  of  the  modem  horse  and  the  tapir.  These  animals,  to 
which  the  name  Palaotkerium  has  been  applied,  lived  only  during 
the  older  Tertiary,  dying  out  in  Oligocene  time  and  apparently 
leaving  no  descendants.  The  Palaotheres  were  browsing  animals, 
and  they  had  a  short  proboscis,  or  upper  lip,  modified  into  a 
grasping  organ,  as  in  modem  tapirs.  The  teeth  were  tike  those 
of  the  extinct  forest-horse  of  America  and,  as  in  that  animal,  both 
lore  and  hind  limbs  were  furnished  with  three  toes. 

Horses.  —  Present  indications  point  to  America  as  the  ancestral 
home  of  the  horse,  though  horses  were  not  living  in  America  when 
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fore-leg  had  united  and  the  smaller  bone  of  the  hind-leg  (fibula) 
had  nearly  disappeared,  these  changes  making  for  greater  rigidity 
of  limb  structure.  The  camels  now  divided  into  three  branches, 
two  of  which  became  extinct  after  a  while.  The  third  again 
divided  in  the  Pleistocene,  one  branch  migrating  into  South 
America,  where  it  gave  rise  to  the  llamas  {Auchenia),  the  other 
entering  Asia,  where  the  two  modem  species  survive,  while  all 
the  North  American  species  had  become  extinct,  partly  perhaps 
because  of  the  cold  of  the  glacial  period,  which  did  not  afiect  Asia 
or  South  America. 

__  Ruminants.  —  These  animals  chew  the  cud,  an  operation  familiar 
to  all  who  are  acquainted  with  the  habits  of  domestic  cattle.  The 
group  includes  the  solid-homed  or  antlered  deer  and  the  giraffe, 
on  the  one  hand,  and  the  hollow-homed  mminants  (antelopes, 
sheep,  goats,  and  bovines),  on  the  other.  The  antlers  are  formed 
as  a  modification  of  tme  bone,  and  are  shed  annually,  being  renewed 
in  a  few  months.  The  true  horns  are  permanent,  consisting  of  a 
hollow  horn,  a  modification  of  the  skin,  inclosing  a  bony  core.  In 
all  of  these  animals  the  fused  bones  of  the  feet  (3d  and  4th  meta- 

podials)  form  a  very  long  cannon- 
bone,  ending  in  two  digits,  while  in 
the  deer  two  supplementary  digits 
(2d  and  4th)  are  represented  by  the 
"  dew-claws  "  used  in  some  species 
(reindeer  and  caribou)  in  walking  on 
soft,  mossy  ground.  In  other  words, 
the  modem  deer  has  not  progressed 
so  far  in  the  development  of  the  foot- 
stmcture  as  has  the  camel  or  the 
bovines  (ox,  cow,  buffalo),  being  in 
this  respect  even  less  advanced  than 
the  ancestral  camel  of  the  Eocene 
(Protylopus),  Because  of  the  long 
cannon-bones,  the  wrist  and  ankle  of 
the  ruminants,  as  in  the  case  of  the 
camel  and  the  horse,  are  found  near 
the  middle  of  the  visible  part  of  the 
fore  and  hind-legs,  the  elbow  and  knee  being  dose  to  the  body. 
The  antlers  of  the  male  deer  or  stag  (in  the  reindeer  and  caribou 
they  are  also  developed  in  the  female),  increase  in  complexity  from 


Fig.  1901. — Antlers  of :  a,  Cer- 
vus  {PalcRomeryx)  eleganSf  Mio- 
cene, Sansan;  6,  C.  (Pal.) 
anoceruSy  Upper  Pliocene,  Ep- 
pelsheim;  c,  C.  matheronij 
Upper  Pliocene,  Mt.  Luberon; 
dy  C.  mariialis,  Pliocene,  St.  Mar- 
tial. (All  about  ^  natural  size.) 
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The  two  bones  of  the  fore-arm  (radius  and  ulna)  and  of  the  shin 
{tUna  andjSfr«/tt)  are  still  distinct  in  Eohippus,  but  in  succeeding 
forms  one  of  each  (ulna  of  the  arm,  fibula  of  the  leg)  becomes  . 
reduced  and  finally  disappears.     As  a  result,  the  rotary  power  of 
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arm  and  leg  is  lost,  but  greater  rigidity,  necessary  for  fleetness,  is 
gained.  Eohippus  gave  rise  to  the  Eocene  Orohippus  (Fig. 
1907),  in  which  the  structure  of  the  foot,  though  still  four-toed, 
has  advanced  by  loss  of  the  splint  which  represents  the  fifth  digit 
of  the  hind-foot,  and  the  decrease  in  size  of  the  fifth  digit  of  the 
fore-foot.    The  teeth,  also,  are  more  specialized.    Epikippus  is 


Fig.  1905.  —  A  series  of  restorations  of  the  horses  from  the  Pklsocene  to  the 
Quaternary,  showing  form  and  relative  size.  At  the  bottom  are  {a)  Eohippus 
(on  the  left)  and  (6)  Protorohippus  (on  right)  (Palsocene) ;  next  above  these 
(c)  is  Mesohippus'f  then  (d)  Hypohippus  and  (e)  Neokippus,  At  the  top  arc 
(/)  Hippidium  (on  right)  and  (g)  Equus  scoUi  (on  left). 

the  next  member,  from  the  Upper  Eocene  (Uinta  formation). 
It  still  has  four  fingers  and  three  toes,  but  the  middle  digit  is  very 
much  enlarged  at  the  expense  of  the  lateral  ones.  In  the  Oligocene 
rocks,  the  remains  of  Mesohippus  (Figs.  1905  c,  1908,  1909)  and 
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The  two  bones  of  the  fore-arm  (radius  and  tdno)  and  of  the  shin 
{tibia  iiid  ^bula)  are  still  distinct  in  Eofnpptts,  but  in  succeeding 
forms  one  of  each  (ulna  of  the  arm,  fibula  of  the  leg)  becomes  . 
reduced  and  finally  disappears.     As  a  result,  the  rotary  power  of 
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arm  and  leg  is  lost,  but  greater  rigidity,  necessary  for  fleetness,  is 
gained.  Eohippus  gave  rise  to  the  Eocene  Orohippus  (Fig. 
1907),  in  which  the  structure  of  the  foot,  though  still  four-toed, 
has  advanced  by  loss  of  the  splint  which  represents  the  fifth  digit 
of  the  hind-foot,  and  the  decrease  in  size  of  the  fifth  digit  of  the 
fore-foot.    The  teeth,  also,  are  more  specialized.    Epikippus  is 


Fig.  1905.  —  A  series  of  restorations  of  the  horses  from  the  PaUeocene  to  the 
Quaternary,  showing  form  and  relative  size.  At  the  bottom  are  (a)  Eohippus 
(on  the  left)  and  (b)  Protorohippus  (on  right)  (Palaocene) ;  next  above  Uiese 
(f )  is  Mesohippus ;  then  (d)  Hypohippus  and  (t)  Neokippus.  At  the  top  are 
(/)  Hippidium  (on  right)  and  {g)  Equus  scoUi  (on  left). 

the  next  member,  from  the  Upper  Eocene  (Uinta  formation). 
It  still  has  four  fingers  and  three  toes,  but  the  middle  digit  is  very 
much  enlarged  at  the  expense  of  the  lateral  ones.  In  the  Oligocene 
rocks,  the  remains  of  Mesohippus  (Figs.  1905  c,  1908,  1909)  and 
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1904)  and  Protokippus,  together  with  several  lateral  branches 
which  became  extinct,  one  of  them  having  reached  Europe.  The 
chief  modification  of  the  foot  of  these  three-toed  horses  of  the 
OUgocene  and  Miocene  was  in  the  increase  in  size  of  the  middle 
and  the  decrease  of  the  lateral  toes.  The  tooth  structure  also 
steadily  advanced  in  complexity  and  the  animal  continued  to 
increase  in  size. 

Protokippus  gave  rise  to  the  Pliocene  Pliokippus  (Fig.  1904),  the 
direct  ancestor  of  Equus,  and  also  to  two  other  forms,  one  of 
which,  Hyparion,  migrated  to  Europe,  where  it  became  extinct, 


^--    ^ 


Flo.  1910.  —  Restoratioiu  of  Eocene  titanotheres.    (After  OsboTD.)    (Courtesy 
of  AmericaD  Museum  of  Natural  Hiatory.) 

whileanotber  (^t^^tuffl,  Fig.  i905),migrating  to  South  America, 
left  descendants  which  continued  into  the  Pleistocene  and  then  died 
out.  These  Pliocene  horses  had  become  one-toed,  but  not  to  the 
extent  seen  in  the  modem  hoise.  The  lateral  toes  still  remained 
as  functionless  "  dew-claws." 

Equus,  the  true  horse,  with  the  lateral  toes  represented  only  by 
splints  and  with  highly  complicated  teeth,  arose  in  the  late  Plio- 
cene and  migrated  both  to  South  America  and  to  Eurasia.  It 
lived  until  the  Pleistocene,  when  it  became  extinct  in  both  North 
and  South  America,  but  continued  in  Eurasia.  From  the  sur- 
vivors of  these,  the  modem  horses  have  been,  derived  and  have 
been  introduced  by  man  all  over  the  world.  They  have,  in  some 
cases,  again  become  wild  or  feral,  as  in  western  North  America  and 
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in  South  America,  where  horses  were  introduced,  in  Buenos  Ayres 
in  1537,  and  rapidly  spread,  so  that  in  forty  years  they  had 
extended  their  range  to  the  Straits  of  Magellan. 

In  its  Asiatic  asylum,  and  in  North  Africa,  the  horse  gave  rise 
to  several  special  groups,  such  as  the  ass,  the  zebra,  and  others, 
some  of  which  have  again  been  widely  distributed  by  man. 

Titsnotheres.  —  These  animab,  too,  represented  a  distinctively 
American  type  of  odd-toed  ungulates,  confined  to  the  early  Ter- 
tiary. They  belong  to  one  of  many  groups  of  mammas  which 
rapidly  rose  to  high  specialization  and  dominance  and  as  rapidly 
suffered  decline  and  total  extinction.   .These  animab  (Figs.  1910, 
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Fio,  iQii,  —  Restorations  of  Oligocene  Utanotheres.    (After  CWxini,)    (Cour- 
tesy of  AmericaD  Museum  of  NiCural  History.) 

1911)  were  clumsy-hodied,  with  short,  stout  legs,  a  Battened  head 
generally  bearing  horns,  and  with  a  superficial  resemblance  to  the 
modem  rhinoceros,  to  which,  however,  they  were  only  distantly 
related.  Their  leg  and  foot  structure  remained  primitive,  the  two 
hones  of  the  forearm  and  lower  leg  continuing  distinct,  while  the 
toes  were  all  functional.  The  head  was  perhaps  the  most  peculiar 
part  of  the  animal,  the  roof  of  the  skull  bemg  flattened  and,  in  a 
highly  specialized  member,  the  Brontotherium  (Fig.  191a),  bearing 
a  large  bifurcating  and  flattened  horn  on  the  top  of  the  nose. 
The  earlier  members  of  the  group  were  small  animals  without 
homs,  the  latter  appearing  first  as  low  knobs  in  their  successors 
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1904)  and  Prolohippus,  together  with  several  lateral  branches 
which  became  extinct,  one  of  them  having  reached  Europe.  The 
chief  modification  of  the  foot  of  these  three-toed  horses  of  the 
Oligocene  and  Miocene  was  in  the  increase  in  size  of  the  middle 
and  the  decrease  of  the  lateral  toes.  The  tooth  structure  also 
steadily  advanced  in  complexity  and  the  animal  continued  to 
increase  in  size. 

Prolohippus  gave  rise  to  the  Pliocene  Pliokippus  (Fig.  1904),  the 
direct  ancestor  of  Eguw,  and  also  to  two  other  forms,  one  of 
which,  EypanoH,  migrated  to  Europe,  where  it  became  extinct. 


while  another  (Fi^^iuffl,  Fig.  i905),migrating  to  South  America, 
left  descendants  which  continued  into  the  Pleistocene  and  then  died 
out.  These  Pliotxne  hoi^es  had  become  one-toed,  but  not  to  the 
extent  seen  in  the  modem  horse.  The  lateral  toes  still  remained 
as  functionless  "  dew-claws." 

E^us,  the  true  horse,  with  the  lateral  toes  represented  only  by 
flints  and  with  highly  complicated  teeth,  arose  in  the  late  Plio- 
cene and  migrated  both  to  South  America  and  to  Eurasia.  It 
lived  until  the  Pleistocene,  when  it  became  extinct  in  both  North 
and  South  America,  but  continued  in  Eurasia.  From  the  sur- 
vivors of  these,  the  modem  horses  have  been,  derived  and  have 
been  introduced  by  man  all  over  the  world.  They  have,  in  some 
cases,  again  become  wild  or  feral,  as  in  western  North  America  and 
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in  South  America,  where  horaes  were  introduced,  in  Buenos  Ayres 
in  1537,  and  rapidly  spread,  so  that  in  forty  years  they  had 
extended  their  range  to  the  Straits  of  Magellan. 

In  its  Asiatic  asylum,  and  in  North  Africa,  the  horse  gave  rise 
to  several  special  groups,  such  as  the  ass,  the  zebra,  and  others, 
some  of  which  have  again  been  widely  distributed  hy  man. 

'ntonotheres.  —  These  animals,  too,  represented  a  distinctively 
American  type  of  odd-toed  ungulates,  confined  to  the  early  Ter- 
tiary. They  belong  to  one  of  many  groups  of  mammlls  which 
rapidly  rose  to  high  specialization  and  dominance  and  as  rajMdly 
suffered  decline  and  total  extinction.   .These  animals  (Figs.  1910, 
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Fio,  191 1.  — Restorations  of  Oligocene  titanotheres.    (After  Osbom.)    (Cour- 
tesy of  American  Museum  of  Natural  History.) 

1911)  were  clumsy-bodied,  with  short,  stout  legs,  a  flattened  head 
generally  bearing  horns,  and  with  a  superficial  resemblance  to  the 
modern  rhinoceros,  to  which,  however,  they  were  only  distantly 
related.  Their  leg  and  foot  structure  remained  primitive,  the  two 
bones  of  the  forearm  and  lower  leg  continuing  distinct,  while  the 
toes  were  all  functional.  The  head  was  perhaps  the  most  peculiar 
part  of  the  animal,  the  roof  of  the  skull  being  flattened  and,  in  a 
highly  specialized  member,  the  Brontotherium  (Fig.  1913),  bearing 
a  large  bifurcating  and  flattened  horn  on  the  top  of  the  nose. 
The  earlier  members  of  the  group  were  small  animals  without 
horns,  the  latter  appearing  first  as  low  knobs  in  their  successors 


Mammals  of  the  Tertiary  857 


Fig.  1914.  —  RestoratioD  of  Tekoceras,  a  short-limbed  rhmoceros  which 
inhabited  Europe  and  North  America  during  the  Upper  Miocene  oi  Lower 
Pliocene.     (Courtesy  of  Americ&n  Museum  of  Natural  History.) 


exceeded  in  bulk  the  largest  living  rhinoceros.    Such  progressive 
increase  in  size,  followed  by  extinction,  is  very  general  among 
mammals  as  among  other  animals. 
Hyracodonts.  — The  ancestors  of  the  rhinoceros  were  horse-like, 


Fig.  1915.  —  Uoropus,  the  reoUTkable  ungulate  Chalicothere  with  claws 
instead  of  hoofs.    (Upper  Oligocene  to  Upper  Miocene  of  North  America.) 
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swift-running,  hornless  animals  (hyracodofUs)  which  lived  in  North 
America  in  Eocene  time  (Fig.  1913).  An  aquatic  group  of  rhino- 
ceros (amynodofUs)  also  appeared  at  this  time.  They  were  adapted 
to  river  life,  were  without  horns,  but  had  canine  teeth  or  tusks 
like  those  of  the  wild  boar.  This  group  was  short-lived,  becoming 
extinct  in  Oligocene  time. 

Rhinocef  OSes.  —  These  animals  lived  in  America  and  in  Europe 
in  Oligocene  time  and  continued  into  the  later  Tertiary  and  Quater- 
nary, finally  becoming  extinct  except  in  Asia  and  Africa.  No 
less  than  seven  distinct  evolutional  lines  of  rhinoceroses  arose, 
developing  along  parallel  but  independent  lines.  Four  of  these 
became  extinct  {TdeoceraSj  Fig.  1914,  etc.),  but  the  other  three  have 
each  a  surviving  member,  i.e.,  the  Sumatran  two-homed  rhinoceros, 
with  large  cutting-teeth,  the  African  two-homed  rhinoceros  without 
cutting-teeth,  and  the  Indian  and  Javan  one-homed  rhinoceros. 
The  rhinoceros  has  not  developed  beyond  the  three-toed  stage, 
though  the  middle  toe  is  generally  the  largest  and  longest. 

Chalicotheres.  —  These  comprised  a  peculiar  group  of  ungulates 
with  a  composite  structure,  and  they  were  whoUy  confined  to  the 
Tertiary.  Their  teeth  were  those  of  t)q)ical  ungulates  or  hoofed 
animals,  but  their  feet  ended  in  claws  instead  of  hoofs.  These 
claws  are  a  secondary  reversion  to  an  older  type  of  foot  structure 
adapted  for  digging  purposes.  A  t3rpical  American  representative 
vms  Moropus  (Fig.  1915). 

In  addition  to  these  ungulates,  there  was  a  peculiar  group,  the 
Notoungulata,  which  arose  in  early  Tertiary  time  and  became 
extinct  in  the  Pleistocene,  but  which,  throughout  its  history,  was 
confined  to  South  America.  Of  its  27  genera  some  had  grinding 
teeth  like  the  rhinoceros,  others  had  the  grinding  teeth  of  horses, 
and  still  others  were  mastodon-like  in  character. 

The  Proboscidea 

The  great  group  of  Proboscidea,  or  elephants  and  their  kin, 
has  only  two  survivors,  the  Asiatic  elephant  (Elephas)  and  the 
African  elephant  (Loxodonta)^  but  in  times  not  so  far  remote, 
mastodons  and  mammoths  lived  in  the  forests  and  jungles  of  Europe 
and  America,  the  contemporaries  of  primitive  man.  Elephants 
diflFer  from  other  ungulates  or  hoofed  animals  in  many  characters, 
some  of  which  are  primitive,  others  specialized,    Ac^^^K  the  first 
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b  the  retention  of  five  toes  in  the  fore  and  hind  feet,  and  the  dis- 
tinctness of  the  bones  of  the  shin  and  fore-arm,  in  which,  moreover, 
the  bone  which  is  usually  the  smaller  in  the  arm  (ulna)  has  become 
the  larger  of  the  two.  Specialization  is  seen  in  the  trunk,  the 
shortening  of  the  neck,  the  remarkably  developed,  though  in  some 
respects  still  very  primitive,  brain,  the  tusks,  which  are  the  greatly 
elongated  second  upper  incisor  teeth,  and  the  complex  character 
of  the  molars  or  grinding  teeth,  and  the  fact  that  there  are  at  one 
time  never  more  than  one  complete  or  two  partial  grinders  in  each 
half  of  the  jaw.    "  The  first  molar  appears  during  the  second  week 


Fio.  1916.— Three  stageain  the  evolution  of  the  elephants,  i,  AfterifAmHin, 
Eocene;  i,  PalaomastadoH,  CHigocene;  3,  Elephant,  Recent.  (After  Otborn. 
By  courtesy  of  the  American  Museum  of  Natural  History.) 

(after  bulh),  is  complete  and  in  full  use  at  three  months,  and  is 
shed  when  the  elephant  is  about  two  years  old.  The  second  molar 
has  most  of  the  plates  in  use  at  two  years  of  age  and  is  shed  at 
six :  the  third  appears  at  two,  is  at  its  maximum  at  five,  and  is 
shed  at  nine.  These  are  looked  upon  as  milk  molars.  The  first 
true  molar,  which  is  the  fourth  grinder  in  succession,  appears  at 
the  sixth  year  and  is  shed  from  twenty  to  twenty-five ;  the  fifth 
shows  its  crown  at  twenty  and  is  shed  probably  at  sixty,  and  the 
last  molar  appears  at  from  forty  to  fiity  years  and  lasts  out  the 
century."    (LuU,  Organic  Evolution.y 

The  ancestor  of  the  elephant  has  been  obtained  from  the  lower 
Oligocene  rocks  of  Lake  Mceris  in  the  Fayum  district  of  the  Libyan 
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Desert,  some  sixty  miles  southwest  of  Cairo.  This  "  beast  of  Lake 
Moeris,"  or  Mwritherium  (Fig.  1916),  as  it  has  been  called,  stood 
only  three  and  one-half  feet  high,  while  the  great  African 
elephant,  Jumbo,  stood  eleven  and  the  extinct  mammoth  fourteen 
feet  in  height.  This  ancestral 
form  had  neither  trunk  nor  tusks, 
though  the  incisors  are  well  de- 
veloped, those  of  the  upper  jaw 
pointing  downward  and  those 
of  the  lower  forward.  There  are 
also  indications  in  the  structure 
of  the  skull  that  the  tnmk  will 
develop  in  time  by  the  elonga- 
tion of  the  combined  upper  lip 
and  nose. 

MeerUherium  gave  rise  to  Pa- 
laomastodon  (later  Oligocene, 
Fig.  1916,  2),  which  had  short, 
curved  tusks  in  the  upper,  and 
forward-projecting  incisors  in  the 
"""""■^  lower  jaw,  and  a  very  short  pro- 

boscis. It  also  gave  rise  to  Dinotherium  (Fig,  1917),  a  distinct 
branch  whidi  invaded  Europe  and  Asia,  and  became  extinct  in 
Pliocene  time,  reaching  truly  elephantine  size.  Unlike  the  true 
elephants,  its  tusks  were  developed  from  the  incisors  of  the  lower 
jaw  and  hung  downward  from  the  chin-like  hooks,  and  were  over- 
arched by  a  short  proboscis. 

Trilophodon  (Fig.  1918),  the  Miocene  elephant,  had  com- 
paratively long,  gently  curved  tusks  in  the  upfwr,  and  short  for- 
ward-pointing ones  at  the  end  of  the  projecting  lower  jaw,  while  its 
trunk  had  become  of  considerable  length.  From  this  Miocene 
elephant  arose  the  mastodons,  Stegodon,  and  the  true  elephants, 
and  the  tetralophodonts  and  dibelodonts,  in  nearly  all  of  which 
the  lower  jaw  was  shortened  and  the  tusks  of  the  upper  jaw  elon- 
gated. The  grinders  of  the  mastodons  had  few  strong  ridges, 
separated  by  deep  valleys  with  little  or  no  cement  in  them,  while 
elephants  (including  mammoths)  have  many  crested  grinders  with 
the  valleys  filled  by  cement  (Fig.  1965,  p.  904).  Mastodons  (Fig. 
1961,  1962,  p.  902)  came  to  North  America  in  Pleistocene  time 
and  then  became  extinct. 


Fic.  1917. — Dinolheriun  pgan^ 
team,  Upper  Pliocene,  Eppelsheim, 
skull  ^  natural  size.      (From  Stein- 
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Tetralophodon  came  to  North  America  in  Miocene  time,  giving 
rise  to  Dibelodon,  which  migrated  to  South  America  and  became 
extinct  in  Pleistocene  time.  The  true  elephants  arose  in  Asia, 
migrated  to  North  America  in  the  Pliocene  era,  and  became 
extinct  here  in  the  Pleistocene.  They  continued  to  live  in  Asia  to 
the  present  time  and  also  sent  a  branch  to  Africa,  where  it  still 
exists.  Tetralophodon  had  straight,  forward-pointing  tusks,  a 
long  upper  and  a  short  lower  pair.  Dibelodon  had  much  longer, 
gently  flexed  upper  tusks,  but  no  lower  ones.  The  mastodons, 
mammoths,  and  elephants  had  only  long,  more  or  less  curved, 
upper  tusks,  but  no  lower  ones. 

The  ancestral  elephant  {Marritherium)  was  itself  derived  from  a 
still  unknown  earlier  type,  from  which  also  arose  the  aquatic 


Fig.   191S.  —  Skull  of  primilive  mastodon,  Trilephodcn  produclui,  from  tbe 
Miocene  of  Texas,  ^  natural  size.    (After  Osboro;  from  Matthew.) 

relatives  of  the  elephant,  the  sirenians  or  sea-cows.  These  are 
to  the  ungulates  what  seals,  sea-lions,  and  walruses  are  to  the  car- 
nivores, namely,  animals  modified  so  that  they  can  live  in  water. 
The  elephants  developed  from  the  ancestral  stock  chiefly  by 
modification  of  the  bead,  while  in  the  sirenian,  the  change  is 
mainly  in  the  legs  and  tail,  to  adapt  them  for  swimming. 

The  Cetaceans 

The  whales,  dolphins,  and  their  kin  are  aquatic  mammals  of 

ancient  lineage.     Most  of  them  live  in  the  sea,  where  two  groups  are 

recognized,  —  the  toothed   whales,  including  dolphins,  narwhab, 
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and  sperm-whales,  and  the  baleen  or  whale-bone  whales,  in  which 
great  sheets  of  homy  matter  replace  the  teeth.  A  third  group,  the 
zeuglodonts,  or  archaic  cetaceans,  also  lived  in  the  ses,  and  are 


a  vertebra  of  ZeugUh 


known  as  far  back  as  the  Eocene  of  Africa  and  North  America. 
These  ancient  whales  were  more  like  huge  sea-serpents  because 
of  the  greatly  elongated  vertebra  or  bones  of  the  spinal  column 


Fio.  igw).  —  Odc  ai  the  early  marine  mammals,  the  primitive  wbak 
{Ztughdon  erCoides)  from  the  Eocene  of  Alabama.  These  whales  reached  a 
length  of  upnanl  of  seventy  feet,  but  were  thin  and  tapering,  measuring  only 
six  or  eight  feet  in  greatest  diameter.  They  had  a  pair  of  short  (ore  paddles, 
but  the  hind  limbs  were  vestigial,  remaining  beneath  the  skin  in  an  unde- 
veloped condition,  Ztugtodon  lived  in  the  waters  of  the  eariy  Tertiaiy  Gulf 
of  Mexico  and  in  the  seas  of  southern  Europe  and  northern  Africa.  (Courlciy 
of  the  American  Museum  of  Natural  History.) 
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(Figs.  1919, 1920),  and  they  were  widely  distributed  in  the  ancient 
seas  before  they  became  extinct.  Cetaceans  have  lost  their  hinder 
legs,  of  which,  however,  vestiges  remain  buried  in  the  flesh.  The 
fore-limbs  are  modified  into  paddles,  and  the  tail  is  a  powerful 
organ  of  propulsion,  ending  in  a  double  fin  or  "  fluke."  The  hair, 
so  characteristic  of  the  other  manunals,  is  entirely  lost,  and  in  its 
stead  a  layer  of  fat,  the  blubber,  is  developed  beneath  the  skin, 
to  keep  the  animal  warm. 


CHAPTER  XLVII 

THE  PSYCHOZOIC   OR   QUATERNARY  SYSTEMS 

The  Quaternary  comprises  the  Pleistocene  and  the  Recent  or 
Eolocene  systems.  The  name  Quaternary  is  sometimes  restricted 
to  the  Pleistocene,  and  included  with  the  Tertiary  in  the  Cenozoic 
division,  while  the  term  Psychozoic  is  restricted  to  the  post- 
Pleistocene  or  recent  division  of  the  earth's  history.  It  is,  however, 
a  well  established  fact  that  man,  the  characteristic  organism  of 
Psychozoic  time,  was  already  well  developed  in  later  Pleistocene 
time,  and  that  his  origin  fell  early  in  that  period.  Therefore  it  is 
perfectly  logical  to  unite  the  Pleistocene  and  the  Recent  into  the 
Quaternary  or  Psychozoic  era  of  the  earth's  history. 

The  Quaternary  of  America 

Marine  Quaternary  deposits  are,  for  the  most  part,  scanty  within 
the  area  of  the  pfesent  continents,  though  in  some'cases  the  margins 
of  the  continents  were  flooded  and  overspread  by  a  layer  of  marine 
sediments.  Most  of  the  deposits  formed  in  the  sea  of  that  time 
were  within  the  region  of  the  present  oceans,  and  so  are  not  open 
to  investigation.  Continental  deposits,  however,  were  abundant 
and  of  varying  types,  most  prominent  among  them  in  North 
America  and  Europe  being  those  of  the  great  ice-sheets  which 
overspread  these  continents. 

The  Ice  Age  in  North  America 

That  a  large  part  of  North  America  was  covered  by  ice  during 

the  Pleistocene  period  is  inferred  from  the  fact  that  throughout 

Canada  and  the  northeastern  United  States,  the  older  rocks  are 

covered  by  a  deposit  of  boulder  clay  or  till,  generally  an  unstrati- 

fied  mixture  of  clay,  rock-flour,  pebbles,  and  ]|oulders,  some  of  the 

latter  being  of  huge  dimensions  (Fig.  1923).    The  boulders  and 

large  pebbles  commonly  show  polished  and  striated  surfaces  such 

as  are  known  to  be  characteristic  of  glacially  transported  material 

(Fig.  360  a,  p.  435,  Pt.  I ;  Fig.  419,  p.  497,  Pt.  I).    Moreover,  the 
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rock  surface  upon  which  this  boulder  clay  rests  is  usually  fresh  and 
smooth  (Fig.  26,  p.  65,  Pt.  I)  and  frequently  polished  and  marked  by 
one  or  more  series  of  parallel  striations  of  the  type  made  by  modern 
glaciers  upon  the  rocks  over  which  they  move  (Fig.  359,  p.  434,  Pt.  I). 
Occasionally  the  striations  are  supplemented  by  deep,  parallel 
flutings  or  groovings,  some  of  the  most  striking  of  which  have  been 
found  upon  the  limestone  surface  of  Kelly's  Island  in  Lake  Erie 
(Fig.  42 1  y  p.  499,  Pt.  I)  though  similar  ones  are  found  in  widely  sepa- 
rated districts  of  the  country.  These  evidences  of  glacial  erosion 
are  supplemented  in  the  low  countries  by  extensive  overdeepening 
of  preexisting  (Tertiary)  river  valleys,  the  cutting  oflf  or  truncating 
of  the  projecting  rock  spurs  on  the  sides  of  these  valleys,  and  the 
steepening  of  the  marginal  slopes.  In  this  procesS  the  lateral 
valleys  which  entered  the  main  stream  at  grade  are  now  left 
as  hanging  valleys  on  the  side  of  the  overdeepened  stream 
(p.  801,  Pt.  I).  In  the  higher  countries,  evidence  of  glacial 
erosion  is  also  marked.     (See  p.  800,  Pt.  I.) 

The  till  is  of  the  kind  found  to-day  beneath  large  glacial  sheets, 
and  the  rock  masses  which  it  contains  have  clearly  been  transported 
for  some  distance,  occasionally  for  hundreds  of'  miles.  In  some 
regions,  notably  Massachusetts,  New  York,  and  Wisconsin,  the 
till  locally  thickens  into  rounded  or  elongated  elevations,  the 
drundins  which  have  already  been  described  (Fig.  420,  p.  498). 
Terminal  moraines,  similar  in  general  character  to  those  formed  at 
the  foot  of  modem  glaciers,  are  found  not  only  near  the  southern 
limit  of  the  till-covered  area,  but  also  within  that  area,  at  a  number 
of  localities.  Such  terminal  deposits  within  the  till-covered  area 
overlie  that  till,  and  marb  a  temporary  resting  stage  of  the  ice 
during  a  period  of  its  frontal  melting,  of  after  a  period  of  readvance. 
Other  marginal  or  submarginal  deposits  also  abound,  such  as  sand- 
plains  or  deltas  built  into  temporary  bodies  of  water,  outwash  or 
apron  plains,  kames,  and  eskers  (pp.  5^2-507,  Pt.  I). 

In  many  regions,  more  than  one  layer  of  till  is  found,  while 
between  the  layers  are  deposits  of  various  kinds  (river-laid,  lake, 
swamp,  and  wind-laid  deposits,  peat,  etc.),  many  of  which  contain 
the  remains  of  plants  and  of  animals  which  belong  to  types  at  home  • 
in  genial  climates.  Moreover,  the  older  drift-sheets  are  commonly 
much  more  strongly  weathered  than  the  newer,  the  clays  being  more 
thoroughly  oxidized,  and  the  boulders  frequently  affected  by  dis- 
integration.   The  materials  of  the  several  drift-sheets  differ,  be- 


866  Psychozoic  or  Quaternary  Systems 

cause  the  source  has  generally  been  different  for  each  ice  lobe. 
Finally,  older  drift-sheets  may  have  been  more  or  less  eroded 
before  the  peat  and  other  deposits  which  separate  them  from  the 
younger  drift-sheets  were  formed.  This  leads  to  the  inference  that 
the  glaciation  of  the  country  was  not  simple,  but  complex,  the  ice 
which  was  responsible  for  the  till  and  the  material  of  the  frontal 
deposits  disappearing  after  a  time,  to  give  way  to  a  period  of  milder 
climate  in  which  the  plants  and  animals,  previously  driven  south 
by  the  advancing  ice-sheet,  were  able  to  return  and  to  reoccupy 
the  territory  from  which  they  had  been  excluded.  Such  inter- 
glacial  periods  of  warmer  climate  were  brought  to  a  dose  again  by 
the  readvance  of  the  ice  which  covered  these  deposits  with  a  second 
layer  of  till  d):  other  glacial  material. 

In  North  America  five  periods  of  ice  advance  are  indicated  by 
the  glacial  deposits,  and  at  least  four  intervening  periods  of  milder 
climate  by  the  interglacial  deposits.  The  Holocene  or  present 
period  of  restricted  glaciation  is  sometimes  considered  as  represent- 
ing the  fifth  interglacial  period.  The  succession  of  glacial  and  inter- 
glacial periods  and  their  deposits  in  North  America  is  as  follows : 

5.  Post  Glacial  or  Regent  (Holoceme)  Time.  —  Dwindlii^  away  of 
the  ice-sheets ;  partial  marine  submergence  of  St.  Lawrence  and  of 
Lake  Champlain  region;  development  of  Great  Lakes;  extinction 
of  giant  mammals  (elephants,  mastodons,  MegakmyXf  etc.). 
V.  Fifth  or  Wisconsin  Glacial  Stage. 

4.  Fourth  or  Peorian  Interglacial  Stage.  —  Peat  and  soil  formation, 
extensive  distribution  of  loess. 
IV.  Fourth  or  Iowan  Glacial  Stage. 

3.  Third  or  Sangamon  Interglacial  Stage.  —  Peat,  soil  and  loess 
accumulation.    Fauna  includes  horses,  elephants,  mastodons,  bison, 
peecaries,  tapirs,  etc. 
m.  Third  or  Illinoian  GLAaAL  Stage.  —  Fauna  of  preceding  interglacial 
stage  continues  to  exist.    Perhs^  60%  of  present  land  fauna  then 
living. 
2.  Second  or  Yarmouth  Interglacial  Stage.  —  Peat,  soil  and  loess 
(bluish)  formation.    Fauna  includes  mastodons,  mammoths,  horses, 
tapirs,  bisons,  deer,  saber-tooth  tigers,  etc. 
n.  Second  or  Kansan  Glacial  Stage.  —  Extinction  of  some  of  the  cameb 
and  horses. 
I.  First  or  Aftonian  Interglacial  Stage.  —  Fauna  abounds  in  mylo- 
dons,  megatheriums,  Megalonyx,  mastodons,  elephants  (3  species), 
horses  (6  species),  camels  (4  species),  saber-tooth  tigers,  bears,  etc 
I.  First  or  Sub-Aftonian  or  Jerseyan  Glaoal  Stage.  —  Includes  all  the 
older  tills,  such  as  the  Pre-Kansan,  Nebraskan,  Albertan,  etc 
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The  complete  series  of  stages  is  not  found  in  any  one  place,  for 
in  a  given  region  seldom  more  than  two  (or  three)  glacial  tills  with 
their  interglacial  deposits  are  seen.  But  by  comparing  the  char- 
acter of  the  deposits,  and  especially  the  faunas  of  the  intergladal 
beds  in  different  locahties,  the  complete  order  of  succession  may  be 
ascertained.  It  must  be  emphasized  that  the  actual  succession 
and  the  number  of  glacial  and  mtergUcial  stages  is  not  as  yet  fully 
determined,  there  being  for  example  some  doubt  as  to  the  Fowan 
glacial  and  the  Peorian  interracial  stages.  Some  geologists,  indeed, 
rect^nize  only  three  glacial  stages.  Others  hold  that  there  are  six, 
the  Wisconsin  being  regarded  as  a  double  stage. 

ExtttU  of  GlaciatioH 
Three  large  and  several  smaller  ice  masses  or  continental  glaciers 
have  been  recognized  as  formerly  existing  in  North  America.  Over 
the  northeastern  countries,  east  of  Hudson  Bay,  lay  the  Labrador 
ice-sheet,  which  sent  its  lobes  southward  to  Long  Island  on  the 
east,  and  nearly  to  Cindnnati  on  the  west.     The  "  backbone  "  of 


Fio.  1911.  —  Sectioa  across  Long  Island,  N.  Y.,  shoiriDg  the  cuesta- 
b^Mgraphy  cut  (rom  the  coastal  plain  strata;  capped  by  the  terminal 
moraine.  The  renmant  ot  the  coastal  plain  strata  is  veneered  over  by  the 
outWBsh  material  of  the  ^>ron-ptain.    (Origiiial.) 

Long  Island  is  the  terminal  moraine  of  this  lobe.  It  was  piled 
on  top  of  the  cuesta  cut  from  the  Tertiary  and  Cretaceous  coastal 
plain  strata,  which  the  ice  deformed  to  some  extent  by  the  pressure 
against  them  during  its  advance  (Fig.  i^ai).  In  front  of  the  mo- 
raine, and  covering  the  coastal  plun  strata,  are  the  sands  of  the 
apron-plain,  formed  by  overwash  from  the  melting  ice.  On 
Long  Island  the  moraine  is  really  double,  though  the  two  parts 
ar^  Vnitetl  qi)  tb?  western  end,  and  thence  continue  westward  tq 
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Fig.  1922  a,  b.  —  Maps  showing  the  position  of  the  ice-front  and  the  for- 
mation of  the  terminal  moraines :  a,  the  first  stage ;  6,  the  second  stage  after 
a  partial  retreat  of  the  ice-front.  (After  J.  Howard  Wilson,  The  Glacial 
History  of  Nantucket  and  Cape  Cod;  Columbia  University  Press.) 


Staten  Island  and  New  Jersey,  being  cut  by  the  "  Narrows  "  of 
New  York  harbor.  Eastward  on  Long  Island  the  two  moraines 
become  distinct,  one  forming  Orient  Point  and  Plum  Island,  and 
the  other  Montauk  Point.  The  southern  moraine  is  continued 
eastward,  through  Block  Island  to  the  western  border  of  Martha's 
Vineyard,  this  island  being  composed  of  two  moraines  diverging 
from  its  northern  apex  with  an  apron-plain  between  (Figs.  192a  a,  6). 
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The  northern  moraine  is  continued  in  the  Elizabeth  Islands  of 
southern  Massachusetts  (Fig  1922  ft)  From  their  eastern  end  a 
north  south  morame  is  traceable  from  Woods  Hole  to  Plymouth 


^'''^'' W'fll 

iifi 

:*^»S^i'>«^^^&PP*^r^ 

Fig.  191J.  —  Section  of  frontal  morame  on  the  side  of  Warner  Street, 
Gloucester,  Mass.  This  is  one  of  the  many  frontal  moraines  marking  the 
steps  in  the  retreat  of  the  Pleistocene  ice-front.    (After  Shaler,  U.  S.  G.  S.) 

and  at  intervals  to  Cape  Ann  in  Massachusetts  (Figs.  1933,  i934). 
This  north-south  moraine  was  of  the  "  mterlobate  "  type,  that  is,  it 
lay  between  two  ice-lobes  or  two  ice-sheets,  the  Labradoran  on  the 


west  and  another  on  the  east,  regarded  by  some  as  a  lobe  of  the 
Labrador  sheet,  by  others  as  independent  and  centering  in  New- 
foundland and  Nova  Scotia  (IV  in  Fig.  1937).    This  eastern  lobe  or 
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Fig.  1925.  —  Map  of  Cape  Cod  and  the  isLands  south  of  it,  showing  the 
location  of  the  terminal  moraines.     (After  J.  H.  Wilson.) 
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sheet  built  its  terminal  moraine  along  the  eastern  side  of  Martha's 
Vineyard  and  the  northern  border  of  Nantucket,  the  remainder 
of  these  islands  being  formed  by  the  apron-plain.  It  has  long 
been  known  that  this  moraine  contains  rocks  of  different  type  from 
those  found  on  the  western  side  of  Martha's  Vineyard  and  the 
Elizabeth  Islands,  and  this  is  explained  by  the  fact  that  these 
moraines  were  built  by  different  lobes,  or  different  ice-sheets, 
bringing  debris  from  different  sources.  The  eastern  lobe  after  a 
while  melted  back  for  some  miles  and  then  boilt  a  new  east- 
west  moraine,  which  forms  the  backbone  of    Cape  Cod,   the 


Fig.  1936  — Block  dugram,  showing  the  glacial  Lake  Shaler  (WdlBeet 
stage)  m  the  Cape  Cod  region  This  lake  was  held  m  an  embayment  m  the 
eastern  ice  lobe  and  dammed  by  the  front  of  the  western  ice  lobe  on  the  weal, 
and  the  temuiul  morame  on  the  louth.    (Dnwn  by  Mary  Welleck.) 

southern  part  of  which  is  formed  by  the  apron-plain  (see  map, 
Fig.  1935).  The  fore-arm  of  Cape  Cod,  which  extends  northwanl 
to  Provincetown,  with  the  exception  of  this  last-named  district, 
consists  of  a  series  of  sand-plains  or  deltas  which  were  built  into 
standing  water  held  in  an  embayment  against  the  moraine  as  the 
ice-fronts  continued  to  melt  back  (Fig.  1926).  The  leveb  of 
the  various  stages  of  this  glacial  Lake  Shaler,  as  it  has  been 
called,  are  shown  by  the  heights  of  the  several  sand  deltas  and 
were  determined  by  the  low  points  in  the  moraine,  over  which 
the  water  drained,  as  these  points  were  progressively  uncovered. 

On  the  west,  the  Labradoran  sheet  came  in  contact  with  the 
Urgest  of  the  ice-sheets,  the  Keewatin,  which  centered  in  the  plains 
west  of  Hudson  Bay  and  thence  spread  radially  in  all  directions. 
Along  the  Une  of  contact  of  these  two  sheets,  in  central  Wisconsin, 
is  an  area  free  from  drift.    This  "  driftless  area  "  either  was  never 
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covered  by  the  ice,  or  was  buried  beneath  a  mass  of  stagnant  ide 
forming  the  center  of  a  quiet  area  around  which  the  ice  cunents 
flowed  (F^.  1927). 

The  third  of  the  three  larger  ice-sheets  centered  in  the   Cor- 
dilleran  Mountains  of  Canada  and  flowed  both  westward  to  the 


Fig.  ipj?.  — Map  of  the  Pleistocene  ice-sheets  of  North  America.  I,  Cor- 
UiUeran;  11,  KeewaUn;  III,  Labradoran;  IV,  Newfoundland.  (After  J.  H. 
Wilson,  The  Glacial  History  of  Naniw.ket  and  Cope  Cod;  by  pennisHon  of 
Columbia  University  Press.) 

Pacific  and  eastward,  where  U  abutted  against  the  western  border 
of  the  Keewatin  sheet  (see  Fig.  1937).  Local  alpine  glaciers  also 
existed  in  the  Rocky  Mountains,  the  Coast  Range,  and  the  Siena 
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Nevada  of  California,  while  the  ice-cap  of  Greenland  was  more 
extensive  then  than  now.  Alaska,  however,  seems  to  have  been 
largely  free  from  ice.  The  thickness  of  the  ice  in  the  central  parts 
of  the  larger  sheets  was  probably  not  less  than  4000  feet  and  most 
likely  much  more.  By  some,  a  thickness  of  10,000  feet  has  been 
assigned  to  the  central  Canadian  ice  masses  (Le  Conte). 


Waning  Stages  of  the  Tee-Sheets 

As  the  front  of  the  ice-sheets  melted  during  the  warmer  stages 
between  advances,  many  local  lakes,  held  up  by  ice-dams,  were 
formed,  and  in  these  deposits  of  various  kinds  were  laid  down. 


.u 


Fig.  1938.  —  An  early  (first)  stage  in  the  history  of  the  Great  Lakes.    (After 

Taylor  and  Leverett.) 

In  general  only  those  formed  by  the  last  melting  period  are  pre- 
served, and  some  of  these  have  been  worked  out  in  detail,  but  many 
others  still  remain  to  be  investigated. 

The  Great  Lakes. — We  have  seen  (p.  725,  Part  I)  that  the  valleys 
of  the  Great  Lakes,  as  well  as  the  Finger  Lake  Valleys  of  New  York, 
were  originally  formed  by  normal  river  erosion  during  Tertiary 
time.  Many  more  or  less  radial  consequent  streams  had  appeared 
upon  the  gently  domed  surface  of  the  old  Cretaceous  peneplane, 
while  along  the  outcrop  of  the  softer  beds,  the  subsequent  streams 
cut  longitudinal  valleys.  One  of  these  was  the  valley  of  Lake 
Ontario,  another  that  of  Georgian  Bay,  a  third  the  main  valley 
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of  Lake  Huron,  while  lakes  Erie  and  Michigan  were  comfwund 
valleys  of  this  type.  Lake  Superior,  on  the  other  hand,  bad  a 
more  complex  origin.  During  the  glacial  occupancy  of  this  region, 
the  former  outlets  of  these  valleys,  the  consequent  streams  which 
carried  the  drainage  to  the  Mississippi,  were  largely  choked  by 
drift,  while  the  subsequent  valleys  were  themselves  modified  by 
it.  Moreover,  the  entire  region  was  depressed,  partly,  no  doubt, 
because  of  the  weight  of  the  ice-sheet.  As  a  result,  when  the  ice 
melted  from  this  region,  the  valleys  had  become  closed  and 
tilted  basins,  and  they  were  quickly  filled  with  water  from  the 
melting  ice.    At  first  a  number  of  separate  lakelets  came  into 


Fig.  1919.  —  A  (thud)  stage  m  iriucb  jthree  Great  Lakes,  with  sepuate 
outlets,  mre  formed  by  the  further  retreat  of  the  ice-fiont.  (After  Taylor 
and  Leverett.) 

existence  as  the  ends  of  the  basins  were  uncovered.  The  first  was 
in  the  western  end  of  Lake  Erie  and  the  adjacent  lowlands  (Lake 
Maumee,  Fig.  1928).  Later  the  western  end  of  the  Superior 
basin  was  occupied  by  Duluth  Lake,  the  greater  part  of  the  Michi- 
gan basin  by  Lake  Chicago,  and  the  Erie  basin  by  Elkton  Lake. 
These  drained  toward  the  Mississippi,  and  their  outlines  are 
traceable  by  the  old  beaches  around  their  margins  (Fig.  1939). 
Still  later  the  upper  three  basins  (Superior,  Huron,  and  Michigan) 
united  into  the  expanded  Lake  Algonquin,  which  drained  by  the 
Illinois  River  to  the  Mississippi  and  across  Canada  by  the  Trent 
River  to  the  Ontario  basin,  which  was  then  expanded  into  Lake 
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Iroquois  (Fig.  1930).  This  lake  is  outlined  by  the  now  abandoned 
beaches,  and  it  drained  eastward  by  the  Mohawk  to  the  Hudson, 
since  the  St.  Lawrence  region  was  still  covered  by  ice.  Another 
line  of  drainage  was  along  the  present  channel,  past  Detroit,  to 
Lake  Erie  and  by  the  new-formed  Niagara  (see  p.  760,  Pt.  I) 
.to  Lake  Iroquois.  Still  further  melting  back  of  the  ice-front  un- 
covered the  Ottawa  River  and  the  St.  Lawrence,  and  the  upper 
three  lakes,  now  somewhat  shrunken  to  form  the  Nipissing  Great 
Lakes,  drained  along  this  line  to  the  St.  Lawrence  which,  because 
of  the  depression  of  the  land,  had  been  inundated  by  the  sea,  as 


Fig.  1930.  —  Map  of  Lake  Algonquin,  the  predecessor  of  the  Great  Lakes. 

(After  Taylor.) 

shown  by  the  presence  of  marine  fossils,  including  the  skeleton 
of  a  whale  in  the  old  beaches.  This  marine  invasion  extended, 
on  the  one  hand,  across  the  ancient  Thousand  Island  divide,  into 
the  Ontario  basin,  and  on  the  other,  into  the  Champlain  Valley 
east  of  the  Adirondacks,  converting  these  bodies  into  inland 
salt  bays  (Fig.  193 1).  The  evidence  of  this  former  marine  in- 
vasion is  still  preserved  to  some  extent  in  the  faunas  and  floras 
of  these  basins  and  of  their  margins.  Lake  Erie  drained  separately 
to  Ontario  by  way  of  the  now  diminished  Niagara,  as  already  out- 
lined (pp.  769-770,  Pt.  I).  Finally,  by  the  rise  of  the  land  in  the 
north,  the  Ontario  channel  was  abandoned ;   the  sea  withdrew 
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from  the  St.  La^rence-Champlain  basin,  and  the  present  drainage 
was  established. 

Lake  Agassiz.  —  In  North  Dakota,  Minnesota,  and  Manitoba, 
Canada,  there  is  a  broad,  flat-bottomed  valley  drained  north- 


FiG.  1931.  —  Map  of  Nipissing  Great  Lakes  and  the  Champlain  Sea.    The 
outlet  of  the  Great  Lakes  is  by  the  Ottawa  River.    (After  Taylor.) 

ward  by  the  Red  River  of  the  North,  into  Lake  Winnipeg  and 
thence  into  Hudson  Bay.  As  the  melting  ice-sheet  uncovered 
this  basin,  but  still  formed  a  barrier  across  it  on  the  north,  the 
depression  in  front  of  the  ice  was  filled  with  water  to  the  level  of 
the  lowest  outlet  in  the  southern  rim  of  the  basin,  across  which 


A       LctJce  Ag€Xj9siJX, 

Fig.  1932.  —  A  delta  in  glacial  Lake  Agassiz.    (U.  S.  G.  S.) 

it  discharged  into  the  Missouri  and  the  Mississippi.  This 
glacial-dam  lake,  in  which  many  deltas  and  terraces  were  formed 
(Fig.  1932),  and  which  during  its  maximimi  stage  had  an  area  ex- 
ceeding that  of  the  Great  Lakes  combined,  has  been  called  Lake 
Agassiz,  in  honor  of  the  great  Swiss-American  naturalist,  Louis 
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Agassiz  (portrait,  anUy  p.  54,  Fig.  775),  to  whom  we  owe  the 
development  of  the  theory  of  extensive  Pleistocene  glaciation.  The 
present  remarkable  flatness  of  this  valley  bottom  is  due  to  the 
fact  that  sands  and  silts,  carried  into  the  lake  by  streams,  were 
spread  over  the  floor,  smoothing  out  all  inequalities.^  It  is  now 
one  of  the  richest  wheat-growing  districts  in  the  world. 

Other  Ice-dam  Lakes.  —  Ice-dammed  lakes  of  the  type  of  Mar- 
jelen  Lake  of  to-day  (anUj  p.  361,  Pt.  I)  came  into  existence  where- 
ever  the  slope  of  valley  bottoms  was  against  the  ice-sheet  which 
formed  the  dam  across  the  lower  end  of  the  valley.  Then  the  water 
rose  to  the  lowest  notch  in  the  margin  across  which  it  could  drain, 
and  at  this  level  beaches  and  deltas  were  commonly  built.  As  lower 
outlets  across  the  rim  were  uncovered  by  the  melting  ice,  the  sur- 
face of  the  lake  sank  to  a  corresponding  level  and  lower  beaches 
and  deltas  were  formed.  It  is  by  these  beaches  and  deltas,  the 
character  of  which  has  already  been  explained  (p.  503,  Pt.  I),  that 
the  successive  levels  of  such  a  fluctuating  lake  are  determined.  In 
Massachusetts  a  number  of  such  extinct  lakes  have  been  mapped 
and  named.  Among  these  are  Lake  Bouvi,  south  of  Boston,  Lake 
Charles,  in  the  valley  of  the  Charles  River,  Lake  Nashua,  farther 
to  the  north,  and  Lake  Bascom,  in  northwestern  Massachusetts, 
this  lake  standing  at  a  maximum  elevation  of  11 00  feet  above  the 
present  sea-level  and  sinking  successively  to  levels  of  1000,  900, 
700,  and  600  feet,  until  it  was  finally  drained  by  the  uncovering 
of  the  present  outlet  of  the  valley  by  the  Hoosic  River.  In  New 
York  State  many  such  lakes  existed  in  the  valleys  now  occupied 
by  the  Finger-Lakes  and  in  the  Genesee  and  other  valleys.  These 
drained  southward,  having  usually  only  a  single  outlet  at  their 
southern  end,  and  completely  disappearing  as  the  ice  barrier  on  the 
north  melted  away.  The  complex  history  of  the  valleys  occupied 
by  the  Genesee  Riyer  system  has  already  been  outlined  (pp.  775- 
785,  Pt.  I).  In  New  Jersey,  too,  such  an  extinct  glacial  lake. 
Lake  Passaic,  has  been  discovered. 

Lakes  in  Embayments  of  the  Ice.  —  Where,  by  unequal  melting 
of  the  ice-sheet,  either  along  the  front  or  on  the  sides  of  a  glacial 
mass  which  occupied  a  valley,  embayments  were  formed  in  the  ice, 
these  gave  rise  to  temporary  lakes,  the  levels  of  which  were  deter- 
mined by  the  outlets,  either  to  another  drainage-system,  as  in  the 

^  For  details  of  this  extinct  lake,  see  Warren  Upham :  "  The  Glacial  Lake 
Agassiz/'  Mon.  U.  S.  Geo!.  Sur.,  vol.  35,  1896. 
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modem  Marjelen  Lake ;  along  the  margin  of  the  main  body  of  ice, 
as  is  the  case  in  certain  low  stages  of  Lake  MlU'jelen ;  or  across  the 
moraine  which  formed  part  of  the  frontal  barrier  of  the  lake. 
One  example  of  the  latter  has  already  been  described  in  glacial 


i 


Fig.  1933.  —  Map  showing  outline  of  the  Great  Basin  and  the  lakes  which 
it  once  contamed.  Shaded  areas  show  Quaternary  lakes,  dotted  lines  show 
boundaries  of  drainage  basins.    (U.  S.  G.  S.) 


Lake  Shaler,  in  the  several  stages  of  which  the  sand-plains  of  Truro, 
Wellfleet,  and  Eastham  on  Cape  Cod  were  deposited.  Examples 
of  lakelets,  marginal  to  a  residual  ice  mass  which  occupied  a  valley, 
are  found  in  the  valley  of  the  Hudson  River,  and  in  these  lakes 
various  sand-plains  now  found  along  the  margin  of  that  vaUey  were 
deposited. 

Pleistocene  Lakes  of  Enclosed  Basins.  —  During  the  moister 
climatic  conditions  of  the  Pleistocene^  lakes  came  into  existence 
in  basins  of  inland  drainage,  and  these,  in  some  cases,  were  filled 
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until  the  water  spilled  across  the  rim  of  the  basin  at  the  lowest 
point.  Such  a  water  body  was  Lake  Bonneville,  which  existed  in 
western  Utah  in  the  basin  now  partly  occupied  by  Great  Salt 
Lake  (Fig.  1933).  ^^  i^  Tnaximum  it  was  a  thousand  feet  deep 
and  17,000  square  miles  in  area.  The  various  shore  lines  of  this 
eztiifct  fresh-water  lake  are  distinctly  marked  by  terraces  along 


Fio.  1934.  —  Abandoned  shore-lines  and  terraces  of  ahdent  Lake  Bonneville. 

(After  Gilbert.) 

the  sides  of  the  mountains  which  enclose  the  basin  (Fig.  1934; 
see  also  Figs.  176-177,  p.  253,  Pt.  I).  Another,  though  less 
continuous  water  body  of  this  type,  was  Lake  Lahontan  in 
western  Nevada,  southern  Oregon,  and  northeastern  California 
(Fig.  178,  p.  254,  Pt.  I).  To-day  a  number  of  small  saline  lakes 
occupy  the  deeper  portions  of  the  basin,  this  lake,  like  Lake 
Bonneville,  having  been  dismembered  by  evaporation. 


Other  Pleistocene  and  Holocene  Deposits  in  and  beyond 

THE  Glaciated  Area 

Marine  Deposits  of  the  Atlantic  Coast.  —  In  Maine,  and  espe- 
cially in  the  Champlain  basin  of  Vermont,  as  weU  as  on  the  Labrador 
and  Greenland  coasts,  marine  deposits  are 
found,  which  were  formed  since  the  with- 
drawal of  the  ice  from  those  regions.  They 
now  lie  at  elevations  up  to  600  feet  above 
the  sea.  The  fact  that  they  are  of  post- 
glacial origin  is  shown  by  their  relation  to 
glacial  deposits,  such  as  drumlins  which 
were  cut  into  or  cli£Fed  by  the  sea  in  which 
these  deposits  were  formed,  and  by  their 
superposition  upon  the  glacial  till. 

The  best  known  of  these  are  clays  with 
shells  of  Yoldia  arctica  (Fig.  1935),   Leda 


Fig.  1935.  —  Yoldia 
{Portlandia)  arctica. 
(After  Bi^gger.)  Qua- 
ternary  {YMia  clays), 
Norway  and  Maine. 


88o  Psychozoic  or  Quaternary  Systems 

pemula,  AsiarU,  Mya,  Buccinum  greetUandicum,  and  other  cold- 
water  mollusks  {Leda  clays)  over  which  lie  sands  with  the 
pelecypod  Saxicava  arctica  (Fig.  1936)  (Saxicava  sands).  These 
genera  and  species  of  mollusks  are  still  living  upon  the  northern 
Atlantic  coast.  It  is  evident  that  since  the  deposition  of  these 
clays  and  sands  (Champlain  submergence)  the  region  has  lAder- 
gone  an  elevation  carrying  these  old  ocean  bottom  deposits  to  their 


Fic.  1936.  — Saxicava  arclica,  an  arctic  rooUusk  living  in  the  North  Atlantic 
to-day.  The  shells  are  also  found  in  the  high-level  maibe  depoats  of  the 
glaci^  period.     (I.  F.) 

present  altitude.  Other  deposits  of  this  kind,  now  above  sea- 
level,  are  found  on  the  Massachusetts  coast  (Nantucket  Island, 
etc.)  and  elsewhere.  In  the  Gulf  of  Mexico  region,  also,  local 
elevation  has  taken  place,  bringing  deposits  of  shells  and  coral 
reefs  some  distance  above  the  sea-level,  as  on  Porto  Rico,  Cuba, 
and  elsewhere. 

Interior  Contmental  Deposits.  —  In  the  southern  United  States 
and  in  Mexico  and  Central  America,  continental  deposits  were 
formed  during  the  Quaternary  ,era,  partly  by  rivers,  but  also  in 
swamps,  in  asphalt  pools,  in  caverns,  and  elsewhere.  These 
commonly  include  the  remains  of  the  Pleistocene  and  more  recent 
land  and  fresh-water  animals  and  plants.  Older  deposits  of  this 
type  have  been  found  in  Florida  (Peace  Creek),  Nebraska  (Loop 
Fork,  Hay  Springs),  Texas  (Rock  Creek),  Oregon  (SQver  Lake), 
and  Kansas.  By  some  authorities,  most  or  all  of  these  deposits 
are  classed  as  youngest  Pliocene.  Undoubted  Quaternary  bog, 
pool,  and  cavern  deposits  are,  however,  found  on  the  Pacific  border, 
in  South  Carolina,  and  in  Pennsylvania,  and  younger  deposits 
still  in  the  famous  Conard  fissure  of  Arkansas.  Extensive  accumu- 
lations of  this  age,  characterized  by  mammaUan  bones,  are  also 
foimd  in  the  high  valleys  of  Mexico,  although  some  of  these  have 
been  classed  as  late  Pliocene,  Analogous  deposits  are  found  in 
Ecuador,   Brazil,   Boli\ia,  and   the  Argentine   Republic,   where, 
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especially  in  the  great  series  of  sands  and  clays  of  the  Pampas,  a 
rich  harvest  of  the  remains  of  the  great  Quaternary  mammals,  such 
as  the  Megalherium,  Glyptodon,  horses,  mastodons,  etc.,  has  been 
secured. 

The  LoesB  of  the  Mississippi  Valley.  —  Finally,  we  must  note  the 
rather  wide  distribution  of  loess  in  the  Mississippi  Valley,  especially 
in  Illinois,  Iowa,  Nebraska,  and  more  southern  states.    The  nature 


-  Map  of  Europe  during  Ihe  greatest  extent  of  the  Pleistocene  ic 
sheet.    (After  de  Geei  from  Kjiyser.) 


of  this  deposit  has  already  been  explained  (p.  458,  Part  I)  and  it  is 
only  necessary  to  state  here  that  it  apparently  originated  from 
the  rock-flour  of  the  glacial  deposits,  and  was  distributed  by  wind 
and  locally  by  streams.  Along  the  Mississippi  and  Missouri, 
as  at  Omaha  and  Council  Bluffs,  it  fonns  vertical  cliSa,  similar  to 
those  formed  by  the  Chinese  loess.  Its  thickness  seldom  exceeds 
50  feet,  and  generally  it  is  much  thinner.  It  contains  locally  the 
shells  of  land  and,  more  rarely,  fresh-water  snails,  and  calcareous 
and  iron-stone  concretions. 
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The  Quaternary  of  Europe 
In  Europe  two  distinct  regions  of  ice  accumulation  are  recog- 
nized, —  the  north  European  and  the  Alpine.  The  former  was  by 
far  the  larger,  covering  in  its  maximum  extent  all  of  Scandinavia 
and  Finland  and  a  large  part  of  northwest  Russia,  on  the  one  hand, 
and  extending  to  the  British  Isles,  on  the  other,  covering  them 
except  southern  England  and  southwest  Ireland.  Southward  it 
extended  to  the  50th  parallel  of  Utitude  (Fig.  1937).  The 
alpine  glaciation  spread  for  some  distance  in  all  directions  from  the 


Fio    1938  —  Map  of  the  Alps  dunng  the  GUaal  period     Ice  id  black ,  heavy 
black  lines  are  termiaal  moraines  of  the  latest  glaciation.    (After  Kayser.) 

Alps,  but  did  not  become  confluent  with  the  northern  ic£-sheet 
(Fig.  1938).  Many  small  glaciers  existed  upon  other  European 
mountain  peaks,  but  these  were  of  local  significance  only. 

Besides  the  glacial  and  interglacial  deposits,  there  are  certain 
marine  Quaternary  sediments  which  have  since  been  exposed  to 
view,  and  there  are  extensive  fresh-water  and  cavern  deposits  as 
well.  Europe  is,  moreover,  favored  in  having  a  definite  succession 
of  human  culture  stages  which  extended  through  the  greater  part 
of  the  Quaternary,  these  being  especially  known  from  France  and 
other  south  European  coimtries  which  lay  outside  of  the  glaciated 
area.  The  following  table  gives  a  general  view  of  the  subdivision 
of  the  European  Quaternary. 
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Table  of  the  Subdivisioms  of  the  Quateknary  of  Europe;  Its  Cul- 
ture, Human  Races,  and  Approximate  Time  Period.  (After  Haug, 
Osbom,  and  others) 


Ststem 


Glacial  and 
IirrsRGLACiAL  Stages 


I 

(A 


6UiG]adaI 

5th  Inter- 
glacial 
5t&  Glacial 

4tli  Inter- 
glacial 
4tCGladal 


3d  Inter- 
^Uicial 

jdGUdal 


2d  Inter- 
fflirial 
ad  Glacial 


ist  Inter- 
gladal 

xst  Glacial 


Upper 

Turbarian 
Upper 

Forrestian 
Lower 

TurlMirian 
Lower 

Forrestian 
Wttrmian 
(Mecklen- 

burgian) 
Chefleanor 
Neudeckian 

Rissianor 
Polandian 


Hitman  Culture  Stager  and 
Races  —  Cbietly  m  Eueope 


VI.  Age  d  steam  and  electricity 

V.  Later  Iron  Age   (La  Ttee 

Culture) 

IV.  EarUer  Iron  Age  (HallsUtt 
Culture) 

m.  Bronze  Age 

II.  Neolithic  or  New  Stone  Age 
3.  Late  Neolithic  and  Cop- 
per    Age     (Transition 
feriod)  ...... 

3.  IVpical    Neolithic    A^, 
(Kobenhausian,     Swiss 
Lake  Dwellers)    .    .    . 
X.  EatIv  Neolithic  Age 
(Campignian  Culture) 


Cromerian 

or  Helvetian 

Mindelian 

or  Saxonian 

(Sicilian  » 

marine) 

'Saint- 

Prestianor 

Norfolkian 

VUlafran- 

chian, 
GOnzian  or 
Scanian 
(Calabrian 

»  marine) 


I.  Palw^thic  or  Old  Stone  Age. 
Upper  Paheolithic 
8.  Asilian-Tar- 
denoisian 
7.  Magdalenian 


6.  Sdutrean 


Grenelle 
race 

Ci^ 
Magnon 

and 
Grimakli 

races 


5.  Aurignadan 

Lower  Paueolitluc 

4.  Mottsterian  INeander- 

'  3.  Acheulean    /  thai  man 


2.  Chellean 
X.  Pre-Chellean 
(Mesvinian) 
LateEolithic 


POtdown 


Early  EoUthic 

Heidelberg 

man 

e 

I 

1 

B 

^ Pithecan- 

ithropus 
f^  orTrmil 

race 


Location 


Europe 

Europe 

/Europe 
\Orient 
/Ejtfope 
(Orient 


Europe 

Europe 
Europe 


Europe 
Europe 


Europe 
Eun^ 

Europe 
Europe 


Europe 
Eur<9e 

Europe 


Eur<^>c 
and 
Orient 


Tdck  bx;. 
(Apprazimate) 


Roman  to 

modem 
500  Bx:.  to 

Roman  time 
X000-500  B.C. 
X800-X000B.C. 
aooo-xoooBx:. 

4000-x800BdC. 


30CO-3000BdC. 


7000  B.C. 


xa^oooBx:. 
x6,ooo  B.C. 


40»000  B.C. 

75,000  to 

50,000  B.C 
X00,000  BJC, 
llStOOOBJC 


360,000  to 

200,000  BjC. 

410,000  to 
360,000  BjC. 


475,000  to 

410,000  BJC 

5x0,000  to 

475,000  BX. 


In  the  east  of  England  (Norwich  Crag,  Chillesford  Clay,  Wey- 
bom  Crag)  occur  marine  beds  of  the  older  Quaternary  which 
contain  an  assemblage  of  moUusks  of  which  about  eleven  per  cent 
of  the  species  are  e^ctinct,    On  this  account  they  are  still  classed 


884  Psychozoic  or  Quaternary  Systems 

with  the  late  Pliocene,  but  according  to  Haug  and  others  they  are 
contemporaneous  with  the  early  glacial  and  interglacial  stages  of  the 
Continent.  They  continue  the  succession  of  Pliocene  beds  formed 
in  overlapping  series  on  the  borders  of  the  North  Sea  before  the 
ice  from  Scandinavia  reaiched  the  English  coast,  which  was  only 
after  the  deposition  of  the  Cromer  forest-beds,  these  being  regarded 
by  some  geologists  as  equivalent  to  the  second  interglacial  epoch. 
These  Cromer  forest-beds,  which  overlie  the  Weybom  Crags,  are 
partly  marine,  with  Yoldia,  and  partly  terrestrial  with  fresh- 
water beds,  including  a  deposit  of  tree  trunks  and  roots,  and  ter- 
minated by  a  bed  with  Arctic  plants.  It  is  quite  evident  that  gla- 
cial conditions  in  the  British  Isles  began  later  than  they  did  on 
the  Continent.  Such  older  Quaternary  marine  beds,  sometimes 
intercalated  between  glacial  beds,  are  found  on  the  Scandinavian 
and  Netherlands  borders  of  the  North  and  Baltic  seas.  Similar 
marine  incursions  are  also  found  in  the  Middle  Quaternary,  thus 
showing  that  the  country  was  suflSciently  depressed  locally  to 
permit  the  transgression  of  the  sea  whenever  the  ice-sheet  shrank 
by  melting.  For  the  most  part,  the  organisms  in  these  deposits 
are  cold-water  forms,  most  of  them  of  types  which  still  exist  in  the 
northern  seas.  This  was  especially  the  case  in  the  Baltic  during 
the  later  glacial  epochs,  when  this  water-body  was  not  only  con- 
nected with  the  North  Sea  along  its  present  outlet,  but  with  the 
Arctic  Ocean  as  well,  across  eastern  Finland  and  Russia.  This 
was  the  period  of  the  Yoldia  Sea  (Fig.  1939).  In  the  early  Upper 
Quaternary,  or  Holocene,  marine  deposits  were  still  forming  upon 
the  Scandinavian  coast  of  the  North  Sea,  but  the  Baltic  had  become 
a  cut-off  and  was  converted  into  a  fresh-water  lake,  the  Ancydus 
Lake  (Fig.  1940),  so  called  from  the  presence  in  abundance  of 
a  minute  fresh- water  gastropod  {Ancydus  flimatilis),  besides 
many  others,  such  as  Palttdina)  Planorhis,  LimtuBa,  etc.  (see  Fig. 
773)  P-  52)  in  the  now  exposed  marginal  deposits.  This  period 
was  followed  by  a  partial  reinvasion  of  the  sea  in  which  lived 
the  modern  gastropod  Littorina  liUorea  (Littorina  Sea),  This 
also  covered  portions  now  land  and  in  it  marine,  brackish,  and 
fresh-water  forms  were,  to  some  extent,  commingled.  Finally,  the 
modern  conditions  became  established. 

In  the  Mediterranean  basins,  marine  and  fresh-water  deposits 
likewise  characterized  the  Quaternary,  the  former  often  extending 
over  regions  now  land.    Such  was  the  case  in  the  Rhine  Valley 
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region  and  in  southern  Italy,  Sicily,  the  Balearic  Islands,  and  the 
north  African  coast,  where  two  marine  series,  the  Calabrian  and 
the  Sicilian,  are  recognized  and  correlated  appi^zimately  with  the 
first  and  second  glacial  epochs,  though  often  also  included  as  late 
Pliocene  {see  Fig.  1859,  p.  Sao).  The  typical  ViUafranckian  of  the 
Apennines  is  a  fresh-water  deposit.  Marine  conditions  also  pre- 
vailed to  some  extent  in  the  Aralo-Caspian  basin  and  in  that  of  the 
Black  Sea. 

Beyond  the  borders  of  the  ice-sheets,  extensive  fluviatile  deposits 
were  fonned  in  the  river  valleys  and  these  contain  the  remains  of 
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the  -land  animals  of  the  periods  and,  to  some  extent,  those  of 
man,  including  his  implements  as  well.  The  most  satisfactory 
record  of  man's  existence  in  the  Quaternary  is,  however,  found  in 
the  caves  and  the  deposits  of  the  culture  stations,  preserved  in 
place,  and  which  have  been  Uttle  disturbed  since  their  deposition. 
Over  wide  areas  in  Europe  as  well  as  Asia,  deposits  of  loess  were 
formed  from  wind-transported  dust,  largely  derived  from  glacial 
material.  Finally,  extensive  peat-deposits  accumulated  in  the 
northern  portions  of  Europe  as  they  did  in  America. 

The  Cause  of  Glaciation 

What  brought  about  the  refrigeration  of  the  climate  in  North 

America  and  in  Europe,  which  permitted  the  accumulation  of  these 

great  ice-sheets  in  Pleistocene  time?    If  we  can  solve  this  question 
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of  the  last  great  glaciation  in  the  history  of  the  earth,  we  shall 
probably  obtain  a  key  to  the  more  remarkable  glaciation  which 
occurred  in  Permian  time  and  earlier  in  the  equatorial  regions  of 
the  earth ;  for  the  conditions  which  produced  one  were  probably 
opeiative  in  the  others  as  well,  though  additional  causes  may 
have  obtained  during  the  older  glacial  periods.  A  number  of 
hypotheses  have  been  advanced  to  explain  the  glaciation  in  Pleisto- 
cene time,  but  none  of  them  appear  to  be  wholly  satisfactory.  We 
may  briefly  review  the  more  important  ones. 

Terrestrial  Causes 

Extensive  Emergence  of  the  Lands.  —  It  is  a  well-known  fact 
that  the  interiors  of  large  continental  masses  are  subject  to  greater 
extremes  of  climate  than  are  the  coastal  regions  or  small  land 
masses  surrounded  by  the  ocean.  This  is  illustrated  by  the  mean 
annual  range  in  temperature  of  two  localities,  both  lying  in  62^  N. 
latitude.  One  of  these,  Thorshaven,  on  the  Faroe  Islands,  has  a 
mean  annual  range  of  7.9°  C,  the  March  mean  being  +  3.0°  C. 
and  the  July  mean  +  10.9**  C.  The  other  locality,  Yakutsk,  in 
central  Siberia,  has  a  range  of  61.6°  C,  from  a  mean  of  —  42.8°  C. 
in  January  to  +  18.8°  C.  The  vastly  greater  cold  of  such  a  wide- 
spread continent  might  favor  the  accumulation  of  an  excess  of  snow 
and  ice  to  a  degree  sufficient  to  prevent  its  complete  removal  dur- 
ing the  warmer  summer  months,  but  it  is  extremely  doubtful  if  this 
would  go  on  to  the  extent  required  for  the  formation  of  the  great 
Pleistocene  ice-sheets,  unless  there  were  a  simultaneous  lowering 
of  the  temperature  as  a  whole  ^ich,  while  not  affecting  the  range, 
would  depress  the  degree  of  both  extremes  to  a  very  considerable 
extent.  Moreover,  such  emergence  of  the  continents  would  not 
explain  why  the  Pleistocene  glaciation  was  practically  confined  to 
the  Western  Hemisphere  (in  North  America  and  northern  Europe) 
while  Asia,  the  largest  continent  then,  as  now,  was  unaffected  by 
glaciation  except  locally  in  moimtain  regions.  Again,  it  should  be 
noted  that  the  lands  of  North  America  were  probably  little 
more  extensive  in  Pleistocene  time  than  they  are  to-day,  and  yet 
no  glacial  conditions  exist  there  at  present.  Moreover,  the  glacial 
deposits  of  western  Europe  have  intercalated. marine  beds  between 
them,  showing  that  the  ice  was  extensively  developed  along  the 
coast,  as  was  also  the  case  in  eastern  North  America  and  in  Green- 
land.   Finally,  expansion  of  the  land  alone  would  not  explain  the 
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repeated  alternate  advance  and  disappearance  of  the  ice  with  the 
spreading  of  much  milder  climatic  conditions  over  the  previously 
glaciated  area. 

Elevation  of  the  Land. — That  great  elevation  of  the  land  locally 
produces  glaciation  is  a  well  recognized  fact,  but  the  amount  of 
elevation  necessary  varies  in  different  latitudes  and  with  atmos- 
pheric conditions.  Thus  Pikes  Peak,  in  the  Rocky  Mountain 
Front  Range,  with  a  height  of  over  14,000  feet,  has  no  permanent 
glaciers,  while  Mont  Blanc,  7  degrees  latitude  farther  north,  and 
only  about  1600  feet  higher,  is  covered  with  them.  The  snow- 
line, or  line  of  perpetual  snow,  in  the  Bolivian  Andes,  near  the 
equator,  lies  at  an  elevation  of  5500  meters  (18,500  feet)  on  the 
west  side  and  4876  meters  (16,000  feet)  on  the  east'side.  In  Lap- 
land (lat.  70°  N.)  it  lies  at  an  elevation  of  about  915  meters  (3000 
feet)  and  in  Greenland  (lat.  60^-70**  N.)  at  about  670  meters 
(2200  feet).  The  average  for  the  lower  limit  of  perpetual  snow 
on  the  equator  is  about  4800  meters,  while  for  lat.  40^  it  is  aJ>out 
3000  meters.  Near  the  coast,  or  where  much  moisture  is  supplied, 
it  is  lower  than  in  the  dry  inland  regions. 

But  while  elevation  accounts  for  alpine  glaciation,  it  does  not 
enter  into  the  problem  of  the  continental  glaciers  which  covered 
North  America  and  Europe  in  Pleistocene  time,  for  these,  as  we 
have  seen,  rested  often  at  sea-level  and,  on  the  whole,  acciunulated 
in  the  low-lying  country  rather  than  the  high. 

Change  in  Ocean  Currents.'  —  Marine  currents  greatly  modify 
the  climate  of  the  lands  which  border  the  oceans  under  their 
control.  The  mOd  climate  of  the  coasts  of  Britain  and  northern 
France,  which  regions  lie  in  the  latitudes  of  Newfoundland  and  the 
Labrador  coast,  is  due  primarily  to  the  northeastward  set  of  the 
drift  of  the  Gulf  Stream,  which  is  the  northern  branch  of  the 
warm  equatorial  current  of  the  Atlantic,  split  in  two  by  the  pro- 
jecting point  of  South  America.  If  this  current  should  be  wholly 
deflected  to  the  South  Atlantic  by  some  change  in  the  conformation 
of  the  land  or  ocean  floor,  or  a  migration  of  the  heat  equator,  a 
marked  refrigeration  of  the  northern  lands  would  result.  Whether 
this  would  be  sufficient,  however,  to  produce  glaciation  may  be 

doubted. 

Atmospheric  Causes 

Change  in  Volume  of  Carbon  Dioxide.  —  During  periods  of 
extensive  marine  transgressions  and  the  formation  of  limestones, 
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either  by  chemical  precipitation  or  by  the  physiological  activities 
of  organisms,  the  carbon  dioxide  content  of  the  atmosphere  is 
increased,  because  the  extra  molecule  of  COs,  which  holds  the 
lime  in  solution  in  the  sea-water,  is  liberated  on  the  precipitation 
of  the  lime,  and  in  part  returns  to  the  atmosphere.  On  the  other 
hand,  withdrawal  of  the  sea,  the  spread  of  lands,  and  the  extensive 
growth  of  vegetation  tend  to  deplete  the  atmosphere  of  its  CX>i 
content,  partly  by  carbonation  of  the  rocks  in  weathering  and  by 
solution  of  limestones,  and  partly  by  its  direct  appropriation  by 
plants.  Now  it  is  known  that  carbon  dioxide,  as  well  as  water 
vapor,  acts  as  a  thermal  blanket  in  the  atmosphere  to  retain  the 
sun's  heat  within  it.  Arrhenius  has  estimated  that  if  the  COi 
content  of  the  atmosphere  were  increased  from  2.5  to  3  times  its 
present  volume,  the  temperature  in  the  Arctic  region  would  rise 
from  8^  to  9^  C.,and  produce  a  mild  climate,  such  as  that  of  Eocene 
time,  when  magnolias  grew  in  Greenland.  If,  on  the  other  hand, 
the  content  of  COs  were  decreased  to  an  amount  ranging  from  0.62 
to  0.55  of  its  present  volume,  a  fall  of  from  4®  to  5°  C.  would  result 
and  glacial  conditions  would  again  overspread  the  northern  coun- 
tries. Whether  these  figures  are  accurate  or  not,  the  general 
fact  is  established  that  the  increase  in  COs  in  the  atmosphere  pro- 
duces milder,  and  its  decrease  colder,  climates;  but  such  climatic 
changes  would  be  world-wide.  Instead  of  the  formation  of  glaciers 
in  the  northern  parts  of  America  and  Europe,  with  centers  of 
accumulation  lying  south  of  the  pole,  there  should  be  a  more  or  less 
uniform  spread  of  glacial  conditions  in  all  directions,  both  from 
the  north  and  the  south  polar  regions,  while  the  temperature 
conditions  of  the  equatorial  regions  would  be  equally  lowered. 
Asia  and  Alaska  should,  from  the  operation  of  this  cause,  be  no 
freer  from  glaciation  than  Europe  and  eastern  North  America. 
Nor  can  the  alternation  of  glacial  and  interglacial  warmer  epochs 
be  correlated  with  spread  of  lands,  on  the  one  hand,  and  extensive 
marine  submergences,  on  the  other. 

Excess  of  Volcanic  Ash  in  the  Atmosphere.  —  It  has  been 
shown  (Humphreys)  that  when  in  volcanic  eruptions  much  fine 
volcanic  dust  is  shot  into  the  upper  atmosphere,  where  it  may 
remain  suspended  for  long  periods  of  time,  a  blanket  against  the 
rays  of  the  sun  is  produced  and  the  temperature  of  the  surface  of 
the  earth  is  correspondingly  lowered.  While  this  may  be  a 
contributory  cause,  it  cannot  be  regarded  as  a  primary  one  in  the 
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production  of  glacial  climates,  and  the  main  objections  dted 
against  the  carbon  dioxide  theory  also  apply  here. 

Astronomic  Causes 

Variations  in  Solar  Energy.  —  It  has  been  ascertained  that  the 
amount  of  heat  given  out  by  the  sun  is  variable,  the  limits  being 
within  5  to  10  per  cent  in  quantity  and  in  time  periods  ranging  from 
5  to  10  days.  If  such  variations  were  extended  over  longer 
periods  and  were  of  sufficient  magnitude  to  lower  the  temperature 
of  the  earth  from  9°  to  11^  F.,  glacial  conditions  would  again  over- 
spread North  America  and  Euxope,  while  a  change  in  the  other 
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Fig.  1 941.  —  Diagram  showing  the  effect  of  precession :  A,  condition  of  things 
now;  B,  as  it  will  be  10,500  years  hence.  The  eccentricity  is  of  course  greatly 
exaggerated. 

direction  would  bring  with  it  a  period  of  milder  interglacial  climate. 
It  is  difficult  to  see,  however,  why  such  a  change  would  not  afiFect 
Asia,  at  least  to  some  extent,  nor  is  there  any  evidence  that  the 
amount  of  variation  and  the  persistence  of  such  variation  was  great 
enough  to  produce  the  required  results. 

Precession  of  the  Equinoxes  (CroU's  hypothesis)  (Fig.  1941).  — 
The  earth's  orbit,  or  the  path  it  describes  about  the  sun,  is  not 
circular  but  elliptical,  with  the  sun  at  one  of  the.  foci.  The  in- 
clination of  the  earth's  axis  is  at  present  such  that  the  earth  is 
nearer  to  the  sun  by  14,000,000  miles  in  midwinter  (perihelion) 
of  the  northern  hemisphere,  than  in  midsmnmer  (aphelion).  The 
path  which  it  travels  from  autumn  to  midwinter  and  to  spring  is 
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correspondingly  shorter  than  the  one  it  travels  from  spring  to  mid- 
summer to  autumn.  But  the  earth  undergoes  a  movement  by 
which  the  inclination  of  tjlie  axis  is  changed  to  the  opposite  direction 
in  the  course  of  10,500  years.  This  is  called  the  "  precession  of  the 
equinoxes."  As  a  result,  midwinter  in  the  northern  hemisphere 
would  occur  when  the  earth  is  farthest  from  the  sun  and  had  the 
longest  path  to  travel  between  the  autumnal  and  vernal  equinoxes. 
It  would  be  22  days  longer  than  now  and  20^  colder,  while  the 
sununers  would  be  22  days  shorter  than  now  and  correspondingly 
hotter.  Croll  has  argued  that  this  winter  would  allow  an  accimiu- 
lation  of  snow  and  ice  in  excess  of  that  which  could  melt  during  the 
simmier,  and  the  cumulative  effect  would  produce  glaciation. 
Such  glaciation  would,  however,  recur  periodically  every  21,000 
years,  provided  this  factor  alone  were  responsible,  and  for  such  reg- 
ular recurrence  there  is  no  evidence.  Moreover,  according  to  this 
hypothesis,  the  southern  hemisphere  should  now  suffer  maximum 
glaciation,  and  this  should  alternate  regularly  with  that  of  the 
northern  hemisphere;  yet  there  is  evidence  that  the  Antarctic 
ice  was  formerly  more  extensive  than  now,  though  this  may  not 
have  coincided  with  the  maximum  glaciation  of  the  northern  hemi- 
sphere. Finally,  glaciation  produced  in  this  manner  should  proceed 
from  the  polar  region  and  extend  in  all  directions,  modified  only 
by  the  local  character  of  the  continents. 

Displacement  of  the  Poles.  —  If  we  could  assume  that  in  Pleisto- 
cene time  the  earth  had  a  different  relation  to  its  axis  so  that  the 
north  pole  was  15  degrees  or  so  farther  south,  lying  approximately 
in  the  center  of  Greenland,  conditions  favoring  the  glaciation  of 
North  America  and  northern  Europe  would  be  furnished  without 
invoking  an  extensive  general  reduction  of  the  earth's  climate. 
This  would  also  account  for  the  relative  freedom  of  Asia  from  gla- 
cial conditions  at  that  time  (Fig.  1942). 

Such  a  change  in  the  position  of  the  poles  would,  of  course,. 
imply  a  corresponding  change  in  the  position  of  the  equator,  which 
would  be  15  degrees  farther  south  in  the  region  of  eastern  Brazil, 
and  15  degrees  farther  north  in  the  western  Pacific.  An  apparent 
confirmation  of  the  hypothesis,  that  this  condition  existed  in 
Pleistocene  time,  has  been  obtained  by  the  finding  of  Pleistocene 
MoUusca,  in  southern  Japan,  of  species  now  at  home  on  the 
Philippine  coast,  15  degrees  farther  south.  The  corresponding 
northward  shifting  of  the  south  pole  would  account  for  the 
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gUdation  of  southern  Australia,  Tasmania,  and  New  Zealand,  but 
not  for  that  of  Patagonia,  if  this  occurred  at  the  same  time. 

Astronomers  and  geophysicists  have,  however,  denied  the  pos- 
sibility that  with  an  earth  as  rigid  as  ours,  such  a  shifting  of  the 


Fio.  i()4j.-'Map  of  the  distribution  oi  the  Pleistcx^ene  ice-aheet  in  North 
America  and  Europe,  and  the  explanation  of  glaciation  on  the  hypothesis  of 
the  shifting  of  the  poles.  The  location  of  the  North  Pole  on  this  hypothesis 
is  indicated  by  a  star.    (Modified  from  Walther.) 

poles  is  possible,  despite  the  fact  that  minute  wanderings  of  the 
poles  have  been  determiaed  from  changes  in  latitude  within  his- 
torical time.  At  present,  this  explanation  of  the  Pleistocene 
glaciation  must  be  regarded  as  purely  hypothetical,  though  ex- 
tremely suggestive. 


CHAPTER  XLVin 


LIFE   OF   THE    PSTCHOZOIC    OR    QUATBRNART  BRA  — 
THS  ANCBSTRT  OF  MAN 

The  Quaternary  invertebrate  and  plant  life  is  essentially  the  life 
of  the  present,  except  that  in  the  early  Pleistocene,  in  beds  which 
are  referred  by  some  to  the  late 
Pliocene  of  the  Tertiary,  there 
still  occur  some  mollusks  (about 
II  per  cent)  and  other  inverte- 
brates which  have  since  become 
extinct  so  far  as  the  species  are 
concerned.  A  greater  difference 
between  the  life  of  the  Pleisto- 
cene and  the  present  or  Holocene 
is  seen  in  the  vertebrates,  es- 
pecially in  the  manmials  and  in 
man.  A  number  of  species  of 
lai^e  animals  have  become  extinct 
since  the  dawn  of  the  recent  or 
Holocene  period,  among  them 
the  moa  (Dinomis,  Fig.  1943), 
a  giant  bird  which  lived  in  New 
Zealand,  the  urochs  (Bos  pri- 
migmius,  Fig.  1955),  and  many 
others. 


Fm.  ig43-  — 
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The  Pleistocene  Mahuals 
The  remains  of  these  are  found  in  river  gravels,  in  deports  of 
volcanic  dust  and  other  eolian  sediments,  in  peat-bogs,  swamps, 
playa lakes, caves  (Fig.  1944),  etc.,  but  seldom  in  marine  deposits. 
Special  cases  of  preservation  of  Pleistocene  mammals  are  seen  in 
the  tar  pool  of  California,  and  in  the  frozen  tundra  of  Siberia, 
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where  the  skin  and  flesh  of  the  aniinftls  have  sometimes  been 
preserved. 

Amot^  the  cuniTores,  foxes  make  their  first  appearance  in 
America  in  Pleistocene  time.    Here  they  split  into  two  groups,  one 


Fki  1944.  —  Verbca]  sectioD  throuRb  Gailenieulh  cavern  Frwtcoma,  show- 
ing boDC-bitccmj.  Many  hundreds  of  skeletons  of  extinct  beara  and  other 
I^eptoceaemaniinak  have  been  obtained  from  thii  cavern.    (After  d'Orbigny.) 

retaining  the  essential  characters  of  the  European  red  fox  ( Vtdpes), 
the  other  becoming  the  American  gray  fox  (Urocyon).  Wolves, 
too,  returned  to  America,  the  home  of  their  ancestors,  in  Pleisto- 


Fio.  t()45.— Skull  of  the  saber-tooth  tiger  (SoHbuiimiwefinu),  Pampas  day, 
Argentina;  w,  prolongation  of  the  sympbysia  of  tbe  lower  }aw;  on,  ^4,  camase^ 
teeth;  c,  lower  canine;  t,  bciaora.    Reduced.    (From  Steiomaun.) 

cene  time  (Fig.  1947),  but  the  domestic  dog  was  introduced  in 
modem  times  by  man.  The  cat  tribe  was  represented  by  the  giant 
saber-tooth,  Smilodon  (Figs.  1945,  1947),  in  America,  and  by 
another  form,  Machcerodus  (Fig.  1946),  in  Europe,  where  it  was 
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Fig.  1046.  —  RestoiatbD  of  the  Mber-tootb  tiger  (Macharodta)  froni  tt« 
Middle  Pleistocene  of  western  Europe.  This  was  one  of  the  many  mMnmili 
which  survived  from  the  Upper  Pliocene  and  wliich  was  a  contemporary  of  ''>' 
Pleistucene  deer,  moose,  elephants,  carnivores,  and  primitive  cattle.  (Cotutsy 
of  American  Museum  of  Natuntl  History.) 


1 
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Fig.  1947.  —  Restoration  of  the  Rancho  La  Brea,  California,  a  water  poo' 
with  aspbaltic  margin  and  tar  oodng  out  in  many  places.  This  pool  formed  a 
natural  trap  in  which  Pleistocene  birds  and  mammals  were  caught,  their  bonH 
being  preserved  in  a  but  slightly  altered  condition.  On  the  right  is  ■  woU 
(Canis  dirus),  in  the  foreground  a  sloth  (Paramyladon)  mostly  sunk  beneath  the 
surface  of  the  pool,  and  to  the  left,  the  saber-tooth  tiger  (Smiiodon  californkai)- 
(Photograph  of  group  in  American  Museum  of  Natural  History,  by  cour- 
tesy of  that  Institution.) 


The  Pleistocene  Mammals 


89s 


the  contemporary  of  early  man.  Smilodon  is  apparently  a  pure 
American  type  and  spread  all  over  the  United  States.  Its  peculi- 
arities seem  to  have  developed  in  conformity  with  its  habits  as  a 
hunter  of  the  giant  sloths,  the  Megatherium  and  Mylodon,  which 
it  followed  in  their  migrations  from  South  to  North  America.  In 
the  famous  Port  Kennedy  Cave,  on  the  right  banlc  of  the  Schuyl- 
kill River,  two  miles  below  Valley  Forge  in  Pennsylvania,  the 
remains  of  this  saber-tooth  have  been  found,  together  with-those 
of  the  mastodon,  tapir,  ground  sloth,  bear,  lynz,  fox,  prairie  wolf. 


badger,  deer,  horse,  bison,  squirrel,  rabbit,  mole,  shrew,  bat,  and 
so  forth.  Of  the  si^ity-four  species  of  animals  whose  bones  had 
been  swept  into  this  cavernous  fissure,  twelve  have  living  repre- 
sentatives, but  the  others  have  become  extinct. 

Another  wonderful  bone  bed  of  this  period  occurs  on  the  Rancho 
La  Brea,  about  nine  miles  west  of  Los  Angeles  (Fig.  1947),  Cah- 
fomia.  Here  a  pool  of  sticky  tar,  formed  by  petroleum  springs, 
entrapped  the  animals  of  the  period.  Among  these  were  the  Cali- 
fornia Smilodon  and  its  prey,  the  Nebraskan  ground  sloth,  Paramy- 
lodon,  together  with  the  bones  of  giant  wolves,  bears,  tigers,  and 
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coyotes,  of  horses,  bisons,  mammoths,  and  camels,  all  of  vhicii 
lived  in  America  in  Pleistocene  time.     Birds,  too,  were  swallovd 


Fig,  1949.  —  iltgatherium 


(After  d'OrbigDy.) 


in  this  pool,  no  less  than  33  individuals  of  the  golden  eagle  having 
been  found,  together  with  the  remains  of  herons,  ravens,  and  tie 
Canada  goose.  Even  a  peacock,  a  group  of  animals  now  restricted 
to  the  oriental  re- 
gion oi  soutbeni 
Asia,  is  included  in 
this  "remarkable 
burial  ground  rf 
America  Pleistocene 
animals. 

Most  remarkable 
of  the  extinct  Pl«s- 
tocene  animals  are 
the  hi^  ground 
sloths  or  megsr 
theres,  Megatheriim 
(Figs.  1948,  iw'- 
Mylodon  (FigS- 
1950,  1951),  Bsi 
Leslodon  (Fig.  1951)' 
and  the  equally 
grotesque  tortoise 
annadillos  (Glyptodtm,  Fig.  1952,  Panochikus,  Fig.  1953,  etc)- 
The  megatheres  were,  for  the  most  part,  huge,  clumsy  creatures 


Tia.  igso. — Mylodon  rabaslui.     (After  d'Orbigny.) 


The  Pleistocene  Mammals 


897 


of  slow,  ponderous  gait,  and  with  a  thick  hide  which  only  the 
dagger-like  canines  of  the  saber-tooth  could  penetrate.  They  fed 
on  leaves,  the  young  shoots  of  trees,  and  on  other  vegetation. 


Fig,  igji.  —  A  group  of  the  great  extinct  South  AmerkaD  ground-dotba, 
MylodoH  and  Lalodcn,  showiog  characteristic  attitudes  and  mode  of  feeding- 
Outline  restoration  from  a  group  of  skeletons  mounted  in  the  American  Museum 
o(  Natural  History.     (By  courtesy  of  the  afore-mentioned  institution). 

Originating  in  South  America  in  the  Miocene,  the  mylodons  wan- 
dered into  North  America  in  the  Pleistocene,  as  did  also  their  de- 
scendants, the  megatheriums. 

Camels  still  lived  in  North  America  in  the  Pleistocene,  during 


Fro.  1951.  —  Gtyptodon  reHctMus.    Pampas  formatkin,  Argentine.  Skeleton, 
^tb  natural  siie.    (After  Steinmann.) 
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which  period  they  migrated  to  Asia,  where  they  survive  to  the 
present  day.  The  Amerioui  cameb  became  extinct  in  PleistoGene 
time  from  causes  still  unknown,  though  their  humpless  descendants. 


Fig.  1953.  —  PatuclUhus   tiAerculalus,    a   glyptodoat   from    the  Pleistocene 
deports  of  the  Argentinian  Pampas     About  ^  natural  uie.     (After  Kayset.) 

the  auchenias  or  llamas  of  South  America,  have  survived.  Cattle 
are  not  native  to  Amenca,  except  the  American  buffalo  or  bison, 
which  came  to  Amenca  and  to  Europe  in  Pleistocene  time  and  in 
each  country  developed  a  niunber  of  species,  all  of  which  became 
extinct  except  Btson  amencanus,  with  us,  and  Bison  bonasus,  in 
Europe.  In  the  Pleistocene  at  least  seven  species  of  bison,  some 
with  enormous  horns,  roamed  the  American  plains  from  Alaska 
to  Florida.  In  Europe,  Bison  priscus  (Fig.  1954),  the  ancestor  of 
the  modern  European  Bison  or  aurochs  and  a  contemporary  of 
early  man,  lives  only  in  legend,  as  does  the  Urochs  or  Bos 
primigenius  (Fig.  1955), 
which  still  lived  in  Ger- 
many in  the  1 2th  century 
and  was  probably  the 
collateral  ancestor  of  the 
modern  long-horned 
cattle  of  western  Europe. 
The  true  buffalo  is  an 
Asiatic    type,   living   in 


"?" 


Fig.  igS4 


"  aurochs  "  or  Wisent,  Bison  priscus  (XiV)- 

Quaternary.  The  ancestor  of  the  modernBiion  India  to-day,  and  ap- 
(B.  bontuiis)  of  Lithuania,  which  is  the  true  patently  never  migrated 
•"™'"     <"'  to     America.      In     the 

Pleistocene  an  ancestor  {Bubalos  antiquus)  wandered  into  North 
Africa,  but  has  since  become  extinct.  Of  this  animal  Osbom 
says,  "This  was  a  powerful  beast,  which  presumably  lived  in 
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herds,  frequenting  grassy  plains  and  swampy  districts,  and 
its  presence  here  we  seem  to  find  confirmation  of  what  geolof 


Fic.  19SS>  —  Primitive  cattle:  the  "Urocbs"  (Boj  primigeHiiu)  (Xjy). 
Quaternary.  A  collateral  ancestor  of  the  larger,  loog-homed,  existing  cattle  of 
western  Europe.     The  "uriis"  of  CKsar,  which  survived  in  Germany  until  the 

twelfth  century.     (K.) 

teaches  us  in  regard  to  the  dampness  of  Uie  Quaternary  climate. 
The  disappearance  of  the  buffalo  from  North  Africa  at  the  com- 


mencement of   the   Recent   Period   was  no   doubt   due   to   the 
increasingly  dry  conditions  and  partly  to  destruction  by  man." 

Many  other  types  of  homed  cattle  existed  in  the  Old  World  in 
Pleistocene  time,  and  some  have  living  4.escendants  in  the  Asiatic 
regions.    One  of  them,  the  musk-ox  (Ovibos  moschatus,  Fig.  1956), 


FlC.  I9S9.  —  Restoration  of  the  woolly  rhinoceros  {Rhinoceros  aniiquilatta), 
the  remains  of  which  were  found  frozen  into  the  mud  and  ice  of  the  Siberiftli 
tundra.     (Courtesy  of  American  Museum  of  Natural  History.) 


Fig.  i960.  —  Restorations  of  two  of  the  tundra  mammals,  the  woolly  tW- 
noceros  (lower),  made  known  from  the  drawings  of  UK'er  Paleolithic  artisti 
and  from  an  actual  specimen  di^overed  in  Galicia,  Austria;  aod  the  woolly 
mammoth  (upper).     (Courtesy  of  .American  Museum  of  Natural  History.) 
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deposits,  these  animals,  which  survived  even  the  first  glacial  ad- 
vance, soon  after  became  wholly  extinct  in  the  New  World,  but 
continued  in  Asia  and  Africa,  whence  they  had  migrated  from  North 
America  in  late  Pliocene  time.    What  caused  the  great  extinction 


Fifl.  1958. —  The 


:).    (After  d'Orbigny.) 


of  American  horses  is  at  present  unknown.  The  cold  of  the  glacial 
period  was,  no  doubt,  a  partial  cause,  but  this  did  not  affect  South 
America,  where  the  horses  also  became  extinct.  It  is  possible  that 
migrant  animals  from  other  lands  brought  in  diseases  which,  like 
the  sleeping-sickness  of  Africa  and  the  Surra  disease  which  attacks 
domestic  horses  in  India,  were  transmitted  by  insects  (Lull). 

The  rhinoceros  became  extinct  in  America  before  the  end  of 
Tertiary  time,  but  continued  in  Europe  during  the  Pleistocene, 
where  it  was  represented  by  the  giant  one-homed  elasmothere, 
the  Etruscan  rhinoceros,  and  the  two-homed  woolly  rhinoceros 
(Fig.  1959),  companion  of  the  hairy  mammoth  and  contemporary  of 
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America  in  Pliocene  time,  and  the  Pleistocene  witnessed  their 
extensive  migration  over  all  parts  of  this  country  and  also  their 


Fig.  Tg6,^.  —  Skeleton  of  mammotli  (^pkas  primigeniia).    (After  d'Orbigny.) 


.^„     ..mi 

^. 

Fig.  1964.  —  The  woolly  mammoth  (Ekphas  primttmiia)  as  depicted  by 
Upper  Paleolithic  artists  and  from  spedmena  found  frozen  in  the  tundras  of 
Siberia.  The  mammoth  was  a  contemporary  of  Homo  neandalkitensis  during 
the  fourth  glacial  period.    (Courtesy  of  American  Museum  of  Natural  Histoty.) 
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totfll  extinction  here  and  in  Europe,  while  again  Africa  and  Asia 
proved  the  asylums  in  which  the  last  survivors  of  these  great 
pachyderms  were  preserved.  The  bones  of  the  mastodon  are  found 
in  many  Quaternary  deposits  in  North  America  (Figs.  1961,  rgda). 
While  the  ice-sheets  ojvered  North  America  and  Europe,  the 
hairy  mammoth  (EUpkas  primigenius,  Figs,  rgds,  r^4),  fitted  to 
withstand  the  cold  by  virtue  of  its  coat  of  coarse  black  hair  lined 
underneath  by  thick  brown  wool,  ranged  the  borders  of  the  ice  and 


W/> 


Flo.  1965,  —  Grinding  teeth  of:   (a)  mammotli,  and  (i)  mastodoo.    (After 
Lucas,  from  Matthew.) 

the  ice-free  regions  of  the  far  North.  In  the  frozen  tundras  of 
Siberia  its  remains  were  found  preserved  with  hair,  skin,  and  flesh 
intact,  and  from  these  famous  cold  storage  specimens  the  anatomy 
of  this  extinct  animal  has  become  well  known.  Other  mammoths 
or  giant  elephants  ranged  over  the  open  country  farther  south,  while 
the  more  thickly  forested  country  was  inhabited  by  the  mastodons, 
which  outlived  the  tnie  elephants  in  North  America,  but  finally 
became  ezUnct  as  did  their  South  American  relative,  the  Dibelodon. 

Man 
The  cradle  of  the  human  race  has  been  placed  by  tradition  in 
Southern  Asia,  and  geological  discovery  bears  out  this  tradition. 
The  oldest  known  man-like  creature  was,  however,  not  the  highly 
endowed  occupant  of  the  traditional  Garden  of  Eden,  but  a  brute- 
like man  not  far  removed  from  his  simian  ancestors.  Neither  the 
fossil  nor  the  existing  great  apes  show  evidence  of  direct  relation- 
ship to  man,  but  their  structure  furnishes  strong  evidence  of  their 
descent  from  the  same  ancestral  stock  from  which  the  earliest 
man-like  creature  was  derived. 

Early  Races 

The  Trinil  Man  (Pithecanthropus  erectus)  (Figs.  1966-1968). — 

This,  the  early  erect  ape-man,  was  discovered  by  the  Dutch  army 
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Flo.  1966.  —  The  upper  part  of  the 
skull  of  the  Java  or  TKnil  ape-man 
{Pithecanthropus  erectus),  found  in  the 
Siwalik  sands  of  Java.  (After  Du  Bois, 
from  Alsbers-) 


surgeon,  Eug^e  Dubois,  in 
1891,  near  the  village  of  TriniJ 
io  central  Java,  Id  deposits 
now  regarded  as  contempo- 
rary with  those  made  during 
the  first  glacial  period  of 
Eiutipe,  and  antedating  our 
present  era  by  more  tban 
475,000  years. 

The  remains  first  found  by 
Dubois  consisted  of  a  single 
upper  molar  tooth  and,  three 
feet  removed  from  this,  the 
t(^  of  the  skull.  Later  on, 
some  45  or  50  feet  removed  from  the  finding-place  of  the  skull, 
he  discovered  a  second  molar  tooth  and  a  left  thigh  bone.  Six- 
teen years  later  a  left  lower 
molar  tooth  of  human  type 
was  found  in  these  deposits. 
These  remains,  few  and  frag- 
mentary as  they  are,  made 
it  possible  to  reconstruct  the 
essentials  of  the  creature  and 
to  demonstrate  its  primitive 
human  character. 

The  skull  is  remarkable 
because  of  the  low  forehead 
and  large  ridges  above  the 
eye  sockets  (Fig.  1966).  Its 
brain  capacity  is  about  two- 
thirds  that  of  modern  man, 
but  much  larger  than  that  of 
the  existing  great  apes,  being 
about  intermediate  between 
the  two  {Fig.  1969).  The  re- 
treating brow  shows  that  the 
frontal  lobes  of  the  brain,  the 
seat  of  the  higher  intellectual 
faculties,  were  still  undevel- 
oped, and  that  in  consequence 


Fig.  1967.  —  Profile  view  of  the  Java 
ape-man.  The  skull  and  a  tbi^-bone 
were  found  by  Dubob  in  i8qi  aod  were 
described  as  Pithecantkrapta  erectta,  re- 
ferring to  the  fact  that  the  ape-like  man 
walked  erect.  The  age  of  the  beds  in 
which  these  earliest  remains  of  man  were 
discovered  is  late  Pliocene  or  early  Pleis- 
tocene, probably  the  former.  (After  a 
model  by  J,  H.  McGregor.  Courtesy 
of  American  MuKum  of  Nstuml  His- 
tory.) 
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the  creature  had  only  a  limited  ability  to  profit  by  experience 
and  tradition,  while  at  the  same  time  its  powers  of  touch,  taste, 
and  vision  were  well  developed.  The  teeth  are  more  human  than 
those  of  the  gibbon,  among  the  higher  apes,  but  still  retain  some 


ape-like  characters.  The  thigh-bone  is  slightly  curved,  and  its 
character  indicates  an  upright  walking  creature  about  5  feet  7 
inches  in  height  (Fig,  1968), 

The  Heidelberg  Man  (Homo  heidelbergenBis)   (Fig.   1970).  — 
The  next  oldest  fragment  of  a  human  skeleton  is  the  jaw-bone  of  the 


CL  St. 

FlC.  1969.  —  Outlines  of  the  cranidium  or  upper  part  of  the  akuU  of  Pilhe- 
caiilkropus,  and  ol  apes  and  prinutive  men  (from  Ald)«rg).  The  types  rep- 
resented are:  H,  Papua;  Pc,  Kthecanthropus;  HI,  Man  of  Spy;  Al,  Trog- 
lodytes; Se,  Semnopitheticus;  Mi,  Microcephalic;  Gl,  Glabella;  ST,  Trans- 
verse sulcus. 

Heidelberg  man.  Homo  heidelbergensis,  called  also  Palaanthropus 
heidelbergensis,  which  was  found  in  1907  near  Heidelberg,  Germany, 
in  river  sands  79  feet  below  the  surface.  These  deposits  belong 
to  the  second  warm  or   inlerglacial  epoch,  which  followed  the 


9o8  Life  of  the  QuatenuMy  Era 

second  ice  invasion.    The  only  part  found  was  the  lower  jaw  with 
teeth  in  place  (Fig.  1970),  this  being  associated  with  the  bones  of 


FlO.  1970.  —  Right  lower  jaw  of  the  Heidelberg  man  (Hon 

found  at  Mauer,  neat  Heidelberg,    (x^.)     (After  Schoeten 


Fig.  1571.— The  "dawn-man" 
(Eoanikropas)  restored  from  the 
skull  found  at  Piltdown,  Sussex, 
England.  This"PUtdown  raan"  is 
the  most  ancient  type  in  which  the 
size  and  form  of  the  brain  are 
known;  it  is  estimated  that  he 
lived  from  100,000  to  300,000  years 
ago.  (After  a  model  by  J.  H. 
McGregor.  Courtesy  of  American 
Museum  of  Natural  History.) 


many  extinct  animab.  The  jaw 
shows  a  combination  of  human 
and  simian  characters,  as  it  is 
very  massive,  with  retreating 
chin,  giving  a  projecting  or  prog- 
nathous face,  thus  much  re- 
sembling that  of  a  chimpanzee  or 
gorilla,  while  the  upper  part  re- 
sembles that  of  some  large  variety 
of  gibbon.  The  teeth  are,  how- 
ever, human,  though  somewhat 
primitive,  and  on  this  account  the 
relic  must  be  regarded  as  un- 
questionably that  of  a  man, 
though,  had  the  teeth  been  ab- 
sent, it  would  have  been  impos- 
sible to  diagnose  the  jaw  as 
human.  The  Heidelberg  race 
existed  approximately  between 
aoo,ooo  and  350,000  years  ago. 

The  PUtdown  Man  (Eoanthra- 
puB  dawsoni)  (Fig.  1971).  —  In 
1912   the   remains  of  the  third 


Man  909 

oldest  of  the  known  human  types  were  found  in  the  Thames 
Valley  near  Piltdown,  Sussex,  England.  These  consisted  of  parts 
of  a  much  broken  skull,  a  canine  tooth,  and  part  of  a  lower  jaw. 
The  skull  compares  favorably  with  that  of  modem  man  except 
for  the  remarkably  thick  walls,  but  the  tooth  and  lower  jaw  are 
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Fig.  1973.  —  The  original  skull  of  the  Neanderthal  man  found  m  the  Nean- 
derthal (Valley  of  the  Neander)  near  QOsaeldorf ,  Germany  (copied  from  Alsberg, 

Abstimmunt  des  Metacken). 

like  those  of  a  chimpanzee.  Because  these  were  found  separated 
from  the  skull,  and  because  of  their  ape-l{ke  character,  it  is  be- 
lieved by  many  that  the  skull  and  jaw  do  not  belong  to  the  same 
individual  or  even  the  same  type,  that,  in  effect,  one  is  human, 
while  the  other,  the  jaw,  belonged  to  an  ape.  If  the  skull  alone 
represents  the  Piltdown  man,  this  will  have  to  be  placed  in  the 
genus  Homo,  where  modem  man  belongs,  but  it  would  still  be  a 
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distinct  species  (Homo  dawsimi).  If  the  jaw  also  belongs  to. this 
type-  of  man,  then  indeed  he  was  very  primitive,  and  in  some 
respects  very  similar  to  his  simian  relatives.  That  only  the  two 
complementary  parts  of  a  head,  but  belonging  to  two  distinct 
types,  should  occur  in  the  same  formation,  is  at  least  a  remarkable 
coincidence,  and  until  other  remains  are  found,  the  possibility 
that  they  belong  to  the  same  individual  cannot  be  denied. 


Ff.  1973-  —  Skull  of  the  "  Man  of  Spy, "  a  member  of  the  Neanderthal  race, 
found  in  a  grotto  near  Spy,  a  hamlet  near  Dinant,  Belgium.     (Copied  from 

Alsberg,  Abstimmung  drs  Meiuchen.) 

These  remains  occur  in  the  deposits  of  the  tliird  interglacial 
epoch,  thus  placing  the  time  when  .the  Piltdown  race  existed, 
according  to  Osborn,  between  100,000  and  150,000  years  ago. 

Tbe  Neanderthal  Man  (Homo  neanderthalenus)  (Figs.  1973- 
1975),  —  The  remains  of  this  type  of  man  have  been  known  since 
1856,  when  a  number  of  skeletons  of  this  race  were  found  in  a  cave 
on  the  banks  of  the  Dtisscl  River,  in  that  part  of  its  valley  known 
as  the  Neanderthal,  not  far  from  DUsseidorf  in  Rhenish  Prussia 
(Fig.  1972).  Eight  years  earlier  a  skull,  now  regarded  as  belong- 
ing to  this  race,  had  been  found  at  Gibraltar,  and  more  recently 
other  similar  remaius  have  been  found  in  a  number  of  pla<£S  Id 
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France  and  Belgium.  Two  nearly  complete  skeletons  were  found 
in  1887  in  a  grotto  near  Spy  (Fig.  1973)  not  far  from  Dinant  in 
Belgium,  and  others  nearly  as  perfect  were  found  near  Chareant, 
France,  between  1907  and  191 1.  An  almost  complete  skull  and 
skeleton  were  found  in  a  grotto  near  La  Chapelle-aux-Saints  at 
Corr^,  France,  in  1908 ;  and  the  skeleton  of  a  youth  was  dis- 
covered at  Le  Moustier,  France, 
in  1908,  while  other  skeletons 
and  separated  skeletal  portions 
were  found  in  various  parts  of 
Dordogne,  France,  between 
1909-1911.  Portions  of  many 
skeletons  of  adults  and  children 
were  also  found  in  1899  at 
Krapina,  in  Croatia,  and  other 
remains  in  Moravia,  and  on 
the  Island  of  Jersey  in  the 
English  Channel. 

These  remains  indicate  that 
the  Neanderthal  men  "  .  . ' . 
were  short  of  stature,  but 
powerfully  built,  vdth  strong 
curiously  curved  thigh  bones, 
the  lower  ends  of  which  are 
so  fashioned  that  they  must 
have  walked  with  a  bend  at  the 
knees.  Their  long  depressed 
skulls  had  very  strong  brow- 
ridges;  their  lower  jaws,  of 
brutal  depth  and  solidity, 
sloped  away  from  the  teeth  downwards  and  backwards  in  conse- 
quence of  the  absence  of  that  especially  characteristic  feature  of 
the  higher  type  of  man,  the  chin  protuberance  "  (Huxley). 

These  characters  gave  the  Neanderthal  skulls  a  greater  resem- 
blance to  those  of  anthropoid  apes  than  to  those  of  modem  man, 
but  their  brain-capacity  was  somewhat  greater  than  that  of  many 
modem  human  skulls.  In  modem  man  the  known  range  is  from 
950  to  2020  cubic  centimeters,  whereas  that  of  the  Neanderthal 
skulls  ranges  from  1290  in  the  Gibraltar  female,  to  1723  c.  c.  in 
the  man  of  Spy.     However,  the  actual  brain  capacity  is  less 


a  b 

Fig.  1974I  —  Leg-bones  of  the  Nean- 
derthal man.  a,  Front  view;  b, 
rear  view.  One-fifteenth  natural  size. 
(Copied  from  Alsberg,  Absiimmung  des 
Menschen,) 
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significant  than  the  relative  development  of  brain  parts,  and  in 
those  portions  which  are  concerned  with  the  higher  processes 
of  the  mind,  the  Neanderthal  brain  was  deficient  and  showed 

its  nearer  relationship  to  the 
anthropoids.  Many  of  the 
body  characters,  too,  sug- 
gest those  of  anthropoids  or 
of  new-bom  infants.  In  ap- 
B^  f '         /.•  W      pearance  they  were  very  brut- 

ish, with  a  head  of  enormous 
size  set  upon  a  short,  thick 
trunk  in  such  a  way  that  the 
head  and  neck  habitually  bent 
forward,  forming  a  continuous 
curvature  with  the  back.  They 
had  short,  thick  arms  and 
robust  legs,  the  lower  part  of 
P     ^'  which,  when  compared  with 

Fig.  1975.  —  Comparison  of  outlines  the  upper,  were  relatively 
of  part  of  the  thigh-bone  of  theNeander-  shorter  than  in  modem  man. 
thai  man,  with  that  of  a  modem  man.    ,-,,        ,  i_  i_-       n 

BB\  Place  of  attachment  of  the  liga-  ^he  knees  were  habltuaUy 
ments;  PP\  Location  of  the  sulcus  pop-  bent,  these  men  being  without 
Uteus.  (Copied  from  Alsbcrg,  Abstim.  ^^e  power  to  straighten  the 
mung  des  Menschen.)  •  •   ..^      ^     j  r  n 

joint  to  stand  fully  erect. 

This  race  lived  in  Europe  during  the  third  and  fourth  inter- 
glacial  epochs,  or  approximately  between  25,000  and  100,000 
years  B.C.  (Osborn). 


Culture  Stages  and  Implements  of  the  Lower  PaUeolitkic 

The  implements  and  weapons  of  the  Neanderthal  man  have 
been  found  associated  with  the  skeletons  as  well  as  by  themselves 
and  indicate  that  these  people  possessed  a  very  mde  culture, 
which  has  been  designated  that  of  the  Older  Stone  or  Palaeolithic 
age.  The  implements  of  the  preceding  Piltdown  race  mark  the 
beginning  of  this  industry,  but  those  of  the  Heidelberg  race  appear 
to  have  been  mde  stone  chips  (eoliths),  fashioned  by  nature,  while 
Pithecanthropus  probably  used  sticks  for  weapons.  Palaeolithic  man 
had  acquired  the  art  of  chipping  his  flints  and  fashioning  them 
for  definite  uses  (Fig.  1976),  but  he  had  not  arrived  at  the  point 
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where  a  polish  was  given  to  chipped  stone,  this  being  a  distinctive 
cultural  characteristic  of  Neolithic  man.  From  the  nature  and 
perfection  of  the  chipped  implements  and  from  their  occurrence  at 
successive  leveb,  the  following  cultural  stages  of  Palsolitbic  man 
have  been  detennined: 

I.   Pre-Chellean  stages,  approximately  135,000  to  100,000  b.c. 

3.   Chellean  stage,  approximately  between  100,000  and  75,000  B.C. 

3.  Acheulean  stage,  ap- 
proximately between  75,000 
and  50,000  B.C. 

4.  Mousterian  stage,  ap- 
proximately between  50,000 
and  35,000  B.C. 

This  last  was  the  chief 

cultural  stage  of  the  Nean-  ^     ,^.  ,__..-_j , ,  ,_ 

derthal  man,  while  the  J^fS^SS&t^A  'f  J^fi 
others  were  intermedi-  llj(F5lB5S£V~Lft9  l.'iB' 
ate  between  this  and  the 
Eolithic  type  of  unmodi- 
fied stone  fragments.  The 
pre-Chellean  sta^,  the 
period    of     the    Piltdown 

man,  witnessed  the  earliest  Fig.  1576.  —Paleolithic  flint  implement 
and    crudest     attempt    at    of  apear-head  shape,  from  Pleistocene  gravels 


rious  purposes.  seen  edgewise.     (X  J.)     (After  iVeU,  The 

During  the  Chellean  and  Antiquity  of  Man.) 
eariy  Acheulean  stages,  man  lived  mostly  in  the  open,  this  being 
pennitted  by  the  mild  climate  of  the  intergladal  epochs.  With 
the  advent  of  the  colder  climatie  conditions  of  the  fourth  or  Wtinn 
glacial  stages,  however,  he  was  forced  to  seek  shelter  in  caves  and 
grottos,  and  nide  clothing  had  to  be  manufactured.  For  this 
purpose  special  implements  had  to  be  devised,  while  the  change  in 
the  character  of  the  implements  of  chase  and  war  indicate  that 
the  race  had  declined  somewhat  in  muscular  strength  and  vigor 
with  this  change  toward  less  hospitable  conditions  on  the  part  of 
nature.  This  was  the  period  of  the  Mousterian  culture  of  the 
Neanderthal. 


gt4  Life  of  the  Quaternary  Era 

Burial  Customs  of  the  Neanderthal  Race 

From  the  manner  in  which  the.  skeletons  of  these  ancient  men 
were  placed,  it  appears  that  special  attention  was  being  given  to 
the  burial  of  their  dead  by  the  Neanderthal  men.  Moreover,  fixMn 
the  fact  that  ornaments  and  flint  implements  were  buried  with  the 
dead,  it  has  been  argued  that  the  Neanderthal  men  had  developed 
an  instinctive  belief  in  immortality  or  in  a  continuance  of  life  under 
new,  though  similar,  conditions  in  some  other  sphere  of  existence. 

Apparently  descended  from  the  Heidelberg  race,  the  Neander- 
thals seem  to  have  been  a  race  which  specialized  along  certain  lines, 
and  after  a  long  period  of  dominance  wholly  disappeared  by 
extinction.  Some  authorities,  however,  have  suggested  the  possi- 
bility that  some  of  the  lowest  races  of  modem  man  might  be  the 
lineal  descendants  of  the  Neanderthals. 

Races  of  the  Later  PakeolUhic  Age 

The    Cr6-Magnon,    Aurignacian    and    Grimaldi    Races.  —  In 

1868  five  human  skeletons,  representing  an  old  man,  two  young 
men,  a  woman,  and  a  child,  were  found  in  a  buried  grotto  near  the 
little  hamlet  of  Cr6-Magnon  on  the  Wizhre  River  in  France.  These 
proved  to  be  representative  of  a  distinct  race  of  human  beings  and 
the  most  typical  of  the  newer  Palaeolithic  races.*  Sometime  before 
this  discovery,  a  painted  skeleton,  which  later  proved  to  be  of 
this  race,  was  found  in  the  "  kitchen-middens,"  or  refuse  heaps, 
on  the  floor  of  Paviland  Cave,  a  grotto  in  the  face  of  a  steep  lime- 
stone cliff  on  the  coast  of  Gower,  Wales.  Another  grotto,  at 
Aurignac,  in  the  province  of  Haute-Garonne,  southern  France, 
discovered  in  1852,  was  nearly  filled  with  bones,  representing  17 
individuals  which,  though  they  were  reinterred  in  the  cemetery  of 
Aurignac,  and  so  lost  to  science,  are  believed,  on  the  evidence  of 
the  associated  implements,  which  are  like  those  found  with  the  Cr6- 
Magnon  skeletons  elsewhere,  to  have  been  the  remains  of  men  of 
this  race.  From  this  occurrence  the  Aurignacian  culture  stage 
of  the  Newer  Palaeolithic  period  has  been  named.  It  should, 
however,  be  noted  that  a  skeleton  of  a  more  primitive  type  of  man 
was  found  associated  with  the  oldest  of  the  Aurignacian  implements 
at  Combe  Capelle,  Dordogne,  France,  in  1909,  an4  this  has  led 
to  the  belief  that  another  race,  the  Aurignacian  (Homo  sapiens 
var,  aurignacensis)  preceded  the  Cr6-Magnon  in  Europe. 
Skeletons  of  the  Cr6-Magnon,  fourteen  in  number,  have  also 
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been  found  in  the  faoious  Grimaldi  "  Grottos,"  situated  in  the 
limestone  cliff  which  tenninates  the  southern  spur  of  the  Alps 
at  the  point  now  marked  by  the  Franco-Italian  boundary  on  the 
Mediterranean  coast,  and  a  short  distance  east  of  the  city  of 
Mentone,  France.    This  region  became  noted  when,  in  1873, 


Fig.  ig77,  —  A  family  of  the  CiA-Magnon  race  as  it  probably  appeared  in  its 
primitive  borne.  From  a  punting  made  by  Charles  R.  Knight  under  the 
direction  of  Professor  Heniy  F.  Osbora.  (Courtesy  of  Ameiic&n  Museum  of 
Natural  History.) 

the  skeleton  of  the  "  Man  of  Mentone."  was  found  in  one  of  these 
grottos,  fieneatb  the  burial  piace  of  the  Crfl-Magnon  skeletons 
in  these  caves  were  found  in  1906  the  skeletons  of  a  youth  and 
of  a  woman,  representing  a  shorter-statured  negroid  race  of  distinct 
type,  to  which  the  name  GrimaUii  race  has  been  applied.  In 
their  tooth  structure,  these  Grimaldians  show  a  greater  resemblance 
to  the  anthropoid  apes  than  do  the  Neanderthals.    Tbej'  bad, 
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moreover,  long  forearms,  curved  thigh  bones,  and  strongly  pro- 
jecting teeth  (prognathism).  In  cranial  capacity,  however,  they 
approached  the  man  of  Spy.  This  race  has  been  regarded  as  an 
intermediate  step  in  the  evolution  of  the  white  and  black  races, 
being  possibly  an  ancestor  of  both,  though  it  has  also  been  thought 
to  represent  a  distinct  branch  of  the  genus  Homo. 

The  Cr6-Magnons  were  widely  distributed  over  Europe,  living 
in  France,  Spain,  Austria,  and  extending  westv^rd  to  Wales. 
Their  remains  have  also  been  found  in  Syriaf  and  will  probably 
be  discovered  elsewhere  in  Asia,  which  was  apparently  their  ances- 
tral home.  All  the  remains  are  associated  with  implements  of  the 
Aurignacian  or  later  culture  stages. 

This  was  a  tall  race,  the  men  ranging  from  5  feet  lo}^  inches  to  6 
feet  4^  inches  in  height,  while  the  women  were  but  little  shorter 
(Fig.  1977).  The  skull  is  of  the  long-headed  type  (dolicho- 
cephalic) with  very  high  forehead,  broad  face,  broad  and  high 
cheek  bones,  much  reduced  eyebrow-ridges,  strong  jaw,  and 
massive,  prominent  chin.  .Their  brain  capacity  was  surprisingly 
high,  that  of  the  woman  of  Cr6-Magnon  exceeding  that  of  the 
average  male  of  to-day.  The  leg  was  very  long,  compared  with 
the  arm,  while  the  forearm  and  shin-bone  showed  remarkable 
lengthening  when  compared  with  the  upper  arm  and  thigh  bone, 
respectively.  These  men  were  swift-footed  and  powerful  hunters, 
and  the  race  has  been  called  one  of  the  finest  the  earth  has  ever 
supported.  From  them  probably  descended  several  of  the  modem 
Asiatic  tribes,  which  stUl  show  some  of  their  characteristics. 

These  men,  too,  revered  their  dead,  burying  them  by  preference 
in  caves,  with  folded  arms  and  with  the  head  surrounded  by  neck- 
laces of  perforated  shells,  while  flint  implements  were  placed 
beside  the  bodies.  Coloring  of  the  body,  either  for  preservation  or 
ornament,  was  widely  practiced,  this  color  being  commonly  seen  in 
the  skeletons. 

CuUure-Siages  of  the  Later  Pdaolitkic 

The  following  culture  stages  have  been  recognized  for  the 
Upper  Palaeolithic : 

5.  Aurignacian. 

6.  Solutrean. 

7.  Magdalenian. 

8.  Azilian-Tardenoisian, 
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Of  these  the  Aurignacian  and  Magdalenian  were  the  t3^ical 
culture  stages  of  the  Cr6-Magnons.  The  Solutrean  culture  was 
introduced  by  the  Briinn  Race  and  the  Azilian-Tardenoisian  by  the 
Crenelle  and  other  races.  These  culture  stages  all  belong  to  late 
glacial  or  post-glacial  time,  following  the  fourth  or  Wtirm  period  of 
glaciation. 

The  Aurignacian  Culture  Stage.  -^  The  industry  and  culture  of 
these  men  have  been  found  distributed  around  the  entire  periphery 
of  the  Mediterranean,  occurring  in  northern  Africa,  Sicily,  and  the 
Italian  and  Iberian  peninsulas.  They  were  in  part  derived  from, 
but  an  improvement  upon,  the  Mousterian  culture,  the  implements, 
as  in  that  stage,  being  retouched  on  one  side  only,  the  other  retain- 
ing its  natural  character.  Bone  implements  were  now  added  to 
those  of  stone,  including  the  bone  awl  and  javelin  point.  Most 
characteristic  is  the  development  of  graving  tools,  for  these  people 
had  developed  the  art  of  engraving  and  sculpture  as  well  as  that  of 
painting  in  color.  They  carved  their  implements  and  their  articles 
of  ornament  and  they  decorated  the  walls  of  their  caves  with 
engravings  and  paintings  of  animals,  such  as  the  horse,  ibex, 
reindeer,  woolly  rhinoceros,  cave-bear,  and  mammoth,  and  carved 
human  statuettes  in  bone,  ivory,  and  soft  stone. 

The  Briinn  Race  and  Solutrean  Culture.  — This  was  a  contem- 
porary race  of  the  Cr6-Magnons,  living  mainly  in  eastern  Europe 
and,  unlike  the  latter,  which  appears  to  have  been  primarily 
cave-dwelling,  living  largely  in  the  open.  Remains  of  this  race 
were  found  in  1891  in  the  loess  of  Briinn,  Moravia,  where  they  were 
associated  with  the  bones  of  the  woolly  mammoth  and  other  ani- 
mals of  the  period.  A  skull,  apparently  of  a  member  of  this  race, 
had  been  found  at  Brux,  in  Bohemia,  in  1871,  and  portions  of 
20  skeletons  in  the  loess  at  Predmost,  Moravia,  in  1880  and  later, 
while  in  1888  a  skuU,  believed  by  many  to  belong  to  this  race,  was 
discovered  in  the  gravel  of  the  Thames  Valley  at  Galley  HiU, 
England. 

The  skulls  of  these  humans  are  very  elongate  and  of  a  relatively 
low  character,  with  retreating  forehead,  but  with  prominent  chin. 
They  lack  the  strong  cheek-bones  of  the  Cr6-Magnon,  their  faces 
being  of  the  narrow,  modem  type,  but  not  very  long.  On  the 
whole,  they  were  a  much  inferior  race  in  structure  and  brain 
development. 

Their  implements  have  been  found  as  far  west  as  south  central 
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France,  where  a.  great  open  air  camp  existed  at  Solutr^,  Dear  the 
SaAne  River,  from  which  locality  the  culture  stage  has  derived  its 
name.  The  flints  are  an  improvement  over  those  of  the  other 
races,  in  that  they  were  chijqied  by  pressure  instead  of  blows,  and 
over  the  entire  surface  of  the  stone  instead  of  one  side  only.  More- 
over, these  implements  were  given  a  fine  sharp  edge  and  a  perfect 
symmetry. 

The  Solutrean  culture  was  the  successor  of  that  of  the  Aurigna- 
cian  stage,  being  apparently  adopted  by  the  Cr6-Magnons  of 
western  Europe.  This  epoch  also  witnessed  a  decline  in  art,  which 
was  perhaps  due  to  the  open-air  life  which  was  adopted  at  this 


Fic.  1078.  —  Drawing  trf  the  mammoth  on  ivory  by  a  prehistoric  Frendi 
artist.    (After  Lucas,  from  Matthew.) 

time.    The  fashioning  of  perfect  instruments  for  the  chase  seems 
to  have  chiefly  occupied  the  craftsman's  attention. 

The  Magdalenisn  Culture  Stage.  —  This  stage  Is  named  from  the 
great  rock  shelter  of  La  Madeleine  in  the  heart  of  the  Dordogne 
district,  France,  on  the  right  bank  of  the  Vezire  River.  This  epoch 
witnessed  the  highest  artistic  and  cultural  development  of  the 
Crfl-Magnons  and  appears  to  have  been  coincident  with  the  return 
of  a  colder  climate  and  a  southward  migration  of  the  northern  types 
of  plants  and  animals.  The  men  of  this  period  again  took  to 
dwelling  in  caverns,  where  the  art  of  mural  painting  was  revived, 
while  at  the  same  time  the  flint  industry  deteriorated.  The  finely 
finished  flints  of  the  Solutreans  were  replaced  by  flakes  and  spUnters 
of  poor  workmanship,  and  the  beautiful  laurel '  leaf  ^>earhead 
and  the  shoulder  dart,  so  characteristic  of  the  preceding  epoch, 
disappeared  entirely.  In  their  stead  many  small  implements 
for  graving  and  carving  bone  were  made.  Bone-implements,  on 
the  other  band,  became  very  characteristic  of  this  period,  and  they 
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were  commonly  ornamented  by  carvings  (Tig.  1978).  Bone 
needles  with  pierced  ends  also  appeared,  as  the  need  for  clothing 
became  manifest  with  the  increasing  rigor  of  the  climate. 

While  the  carving  or  ornamentation  upon  the  bone-implements 
and  the  fashioning  of  statuettes  was  highly  developed,  the  revival 
■ol  mural  painting  was  perhaps  the  most  distinctive  artistic  advance 
made  by  the  Magdalenians.    As  in  the  earlier  stage,  contemporary 


Fio.  1979.  —  Painting  of  the  desert  or  Celtic  horse  on  the  ceiling  of  Altunira, 
in  Dortbem  Spain.  The  eye,  ear,  chin,  mouth,  and  nostrils  are  engraved,  while 
the  entire  painting  is  colored  in  red  ochre  with  black  manganEse  outlines. 
The  long  lender  limbs,  delic&te  head,  and  ^ort  body  are  clearly  de[ucted. 
The  figure  of  a  hind  is  painted  over  it.  (Courtesy  of  the  American  Museum  of 
Natural  History.) 

animab  formed  thechief  objects  portrayed,  and  these  were  not  only 
painted  in  colors,  but  the  outlines  and  many  details  were  often 
engraved  upon  the  stone  (Fig.  1979). 

Toward  the  close  of  Magdalenian  time,  art  once  more  declined, 
and  instead  of  the  representation  of  animal  and  human  figures, 
schematic  designs  and  conventional  figures  were  chosen  as  sub- 
jects by  the  artist.  These  became  characteristic  of  the  succeeding 
stage. 

GreneUe  and  Other  Races,  and  Azilian'TaxdenoisUn  Culture 
Stage.  —  This  is  the  last  of  the  FalxoUthic  stages  and  marks  the 
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invasion  of  western  Europe  by  new  races.  The  Crd-Magnon  race 
declined,  but  apparently  never  became  wholly  extinct,  their  de- 
scendants probably  living  in  the  Dordogne  and  other  districts  of 
France  to-day.    The  new  invading  races  were : 

(i)  The  FurfoazrGrenelle  or  Alpine  race,  extremely  broad-headed, 
occupying  the  Danube  Valley,  eastern  Bavaria,  and  extending 
northward  into  Belgium.  This  race  was  probably  of  Asiatic 
origin  and  brought  the  Azilian  culture,  without  art  or  developed 
flint  industry. 

(2)  The  Tardenoisian  or  South  Mediterranean  race,  which  occu- 
pied north  Africa  and  extended  into  Spaiu.  This  race  is  known 
only  by  its  culture,  chiefly  expressed  in  the  extremely  small  flint 
tools  and  weapons,  and  conventional  or  schematic  pictorial  designs 
which  have  been  regarded  l3y  some  as  marking  the  beginning  of 
written  language.  Remains  of  long-headed,  narrow-faced  men 
found  in  eastern  Bavaria  may  represent  this  race. 

(3)  The  Maglemose  or  Northern  (Teutonic)  race,  also  known  only 
from  its  implements,  which  include  horn  and  bone  harpoons,  fish- 
hooks, chisels,  awls,  spear-points,  and  smoothers,  but  few  flints. 
These  men  apparently  domesticated  the  dog,  and  they  had  a  crude 
art  similar  to  that  of  the  early  Aurignacian  epoch,  but  probably 
of  independent  origin.  The  type  region  is  in  Denmark,  where 
these  people  dwelt  on  the  borders  of  fresh-water  lakes  into  which 
their  implements  were  dropped  probably  from  rafts  which  served 
as  dwelling  places. 

The  Neolithic  Age 

The  men  of  the  Old  Stone  Age  were  eventually  replaced  by, 
and  became  fused  with,  the  men  of  the  Newer  Stone  Age,  the 
NeolithSf  which  have  developed  the  art  of  polishing  their  imple- 
ments. These,  like  Palaeolithic  man,  originated  in  Asia  and  mi- 
grated into  Europe,  bringing  with  them  the  higher  culture  which 
they  had  developed,  including  the  art  of  pottery-making,  and  a 
knowledge  of  the  rudiments  of  agriculture.  These  men  gave  up 
the  nomadic  life,  and  settled  in  permanent  communities  in  which 
agricultural  pursuits  took  a  leading  place,  while  the  domestication 
of  wild  animals  and  plants  was  undertaken. 

This  age  began  in  Europe  between  7000  and  10,000  years  ago, 
but  much  earlier  in  Asia. 


Man 
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The  Age  of  Copper,  Brotue,  and  Iron 
The  use  of  copper  for  implements  and  omajnents  was  discovered 
in  Egypt  about  5000  or  6000  years  ago,  and  this  was  succeeded 
1500  yeais  later  by  the  invention  of  bronze,  an  alloy  more  durable 
than  the  pure  copper  metal.  Finally,  the  melting  of  iron  was 
discnvered,  probably  by  accidental  melting  of  iron-ore  by  a  long- 
continued  camp  fire  over  its  outcrops  or  among  scattered  frag- 
ments, and  the  age  of  iioa  began.    This  was  perhaps  3^00  years 


Fm.  1980.  —  The  Ikte  Professor  Eduud  Sues,  who  in  his  great  work,  "The 
FWe  of  the  Esrth,"  hss  sununanied  the  existing  knowledge  oa  the  form, 
■ttucture,  snd  devdopmeat  of  the  cniit  of  our  Earth. 

ago.  The  use  of  coal  for  fuel  began  in  the  15th  century  A.D. 
in  England,  and  this  laid  the  foundation  for  the  development  of 
steam  and  electricity. 

Man  in  America 
At  present  there  is  no  evidence  that  palieolithic  man  came  to 
America,  for  all  the  human  remains  so  far  found  are  clearly  refer* 
able  to  the  North  American  Indian.  Man  existed  here,  according 
to  the  best  available  evidence,  as  the  contemporary  of  the  mastodon, 
the  extinct  bison,  and  the  ground-sloth  (Megalonyx).  In  point  of 
culture,  however,  the  American  Indian  represents  all  stages  from 
the  palcdithjc  to  the  most  highly  developed  neolithic  type,  accord* 
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ing  to  the  climatic  and  other  physical  conditions  of  the  regions 
occupied  by  the  various  tribes.  The  American  aborigines  appear  to 
have  come  from  Asia  by  way  of  Behring  Strait  and  Alaska,  probably 
toward  the  close  of  the  glacial  period,  there  being  at  present  no 
evidence  of  the  existence  here  of  men  during  the  Pleistocene.  But 
while  these  men  developed  a  high  degree  of  culture  of  their  own, 
civilization,  as  we  know  it,  arose  in  the  Old  World,  in  Asia  and 
North.  Africa,  where  the  effect  of  glaciation  was  less  marked  than 
in  Europe,  but  where  the  stimulus  of  a  bracing  climate,  induced  by 
the  lingering  effects  of  the  glacial  period,  urged  men  to  activity, 
and  developed  mental  alertness  and  energy  which  enabled  their 
possessors  to  recognize  the  value  of  chance  discoveries,  and  to 
develop  them,  first  for  their  own  advantage,  and  later  for  the  bene- 
fit of  their  community. 
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Aalenian,  645 

Abies  pectinatu,  88*;  picea,  87* 

Acadian,  240,  241,  342 

AaUyptus  obtusus,  833* 

AcantherpesUs  majors  583* 

AcanthaceraSt  731 ;  rohmagense,  732* 

Acanthocladia,  $2z\  anups,  $2^ 

AcatUkodes,  594;  gracilis,  scales,  594*; 
mitchelH,  593 

Acantkonema  newberryi,  362* 

Acantkopecten  carboniferus,  495* 

Acanikotelson  siimpsoni,  578* 

Acceleration  in  development,  59,  60,  6x 

Acerata,  90,  148-152 

Acervularia,  104* 

Acheulean  culture  stage,  883,  9x3 

Aclisina  robusta,  497* 

Acmaa,  567;  tesktdinalist  125* 

Acorn  barnacle,  145,  146*;  see  Balauus 

Acrogenia  prolifera,  423* 

Acrosalenia  sinosa,  165* 

Acrotkele,  232,  556;  subsidua,  228* 

Acrotreia,  232,  556;  gemma,  228* 

AcUnocamait,  748;  quadrata,  735* 

Actinoceras,  282;  ienuifilum,  281* 

Actim^ba  marginaia,  103" 

Actinomona  sckwageris,  93* 

AcHnopteria  decussata,  426*;  mMftco/a,  426* 

Actinopterygian  ganoids,  594,  595 

Aciinoslroma,  553;  Jenestraium,  553*; 
MfriicofMm,  102* 

Actinostromaria  sUUata,  725* 

Adambulacral  plates  in  starfish,  587* 

Adiphlebia  lacaana,  584*- 

Adirondack  Mountains,  Arduean  rocks 
of,  197;  basal  Paleozoic  contact  in, 
183;  former  extension  of  Ordovician 
formations  across,  265*;  Ordovician  of, 
260;  Ordovician  section  west  of,  279*, 
385;  Potsdam  sandstone  of,  220,  251 


Adirondack  region,  cross-bedding  in  basal 

sandstone  of,  225 
jEckmina  abncrmis,  367*;  marginaia,  432* 
jEglina,  582 

^goceraSfb'ji;  capricamis,  6 fi* 
AiUosaurus,  755 

Africa,  Devonian  of,  416;    dinosaurs  of 
East,  764*;     early  mammals  of,  839; 
Eogene  of,  804-815;   Jurassic  in,  667; 
Miocene  in,  818 ;  Mississippian  in  South, 
462;     Neogene    of,    816-820;     Palxo- 
cene  of   North,  807;    Permian  glacial 
deposits  of  South,  521 ;    Rluetic  flora 
of  South,  741 ;  Triassic  of  South,  638 
Af tonian  inteiglacial  stage,  866 
Agassiz,  Louis,  55,  878;  portrait,  54* 
Agassitocrinus  dactylijormis,  469* 
Agelacrinus,  308;  cincinnatiensis,  307* 
Age  of  copper,  bronze,  and  iron,  921 
Age  of  steam  and  electricity,  883 
Agnoslus,  234;    interstrictus,  232*;    pisi-^ 

formis,  232*,  247 
Agonialites  expansus,  428* 
Akron  dolomite,  314,  315*,  324* 
Alabama,    Cretaceous    in,    705;     Missis- 
sippian of  northern,  453,  454 
Alaska,  Cretaceous  of,  710;    Jurassic  of, 
653;    Tertiary   in,    796;    Triassic   of, 
622 
Albany  axis,  238*;  section  across,  271* 
Alberta,     Canada,     Cambrian    of,     243; 

Cretaceous  dinosaurs  of,  760*,  761* 
Albertan,  243 
Albert!,  F.  von,  18,  606 
Albian,  685,  713,  716* 
AUtkopteris,   504;     petmsyhamca,   S02*; 

wkitneyi,  641** 
Algse,  71,  73-78;    brown.  66*,   70*,  74. 
75;    calcareous,   188,   189;    Cambrian, 
235*.  538,  539,  540;    green,  73*,  74*5 
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Ordovician,  308;  Paleozoic,  538, 
S39»  540;  red,  66,  74-77*;  Silurian, 
370,  371*;  Triassic,  634*,  639 

Algomian  Moxintaixis,  194*,  195 

Algomian  Revolution,  30,  194 

Algonkian,  8,  20,  184*,  185*,  191,  192, 
I93i  i94>  300,  301;  of  China,  204; 
series  of  Finland,  203;  unconformity 
of  Cambrian  with,  223 

Allegheny  series,  478,  483. 

AUorisma  costatum^  495*;  terminakt  526* 

AUosaurus,  758,  759* ;  JratUis,  760* 

AUotheria,  778 

Alluvial,  4,  9 ;  see  Quateimary 

Alluvium,  4*,  6*,  7*,  8,  779;  see  also 
Angesckwemmigebirge 

Alnus  grewiopsiSt  743* 

Alpine  race,  920 

Alpine  region,  Juiasuc  in,  655;  salt  de- 
posits of,  630 

Alps,  Cretaceous  in,  722*;  CaHlx>nic  of 
eastern,  491;  during  Glacial  'period, 
882";  formation  of,  816;  Jurassic  of, 
666;  Mississippian  in,  460;  origin  of 
sediments  of,  811:  Triassic  of,  606, 
608,  636*-638* 

Alsace,  origin  of  potash  salts  of,  813 

Alsen  limestone,  377*;  fossils  of,  380* 

Altai  Mountains,  Liassic  in,  666 

Alum  Bluff  group,  ^88,  table  facing  782 

Alveolina,  823 

Amaltkeus,  673 ;  margariUUus,  672* 

Amber,  Oligocene,  831 ;  scorinon  in,  149*, 
ISO 

Amblypoda,  837, 838*,  839* 

Ambulacra  in  starfish,  i6o*,  161  *,  163 

Ambulacral  plates  in  echinoderms,  161*, 
162*,  164,  165*,  166;  in  echinoids, 
472*;  in  starfish,  587* • 

AmboccUia  umbonata,  424* 

Ambonyckia,  303 

Amiodea,  750 

Amiskwia  sagittifomtia,  343^ 

Ammonites,  as  index  fossils,  49;  Co- 
manchcan,  728*,  729*.  733*;  Cre- 
taceous, 700*,  731,  732,  733»  747;  geo- 
logical range  of,  747;  Jurassic,  671*, 
674*.  747;  Permian,  527 •;  recapit- 
ulation of  characters  in,  55,-  56*,  57*; 
Triassic,  747 

Ammonites  angvlata,  671*;  capricornis, 
671*;  macrocephaluSf  673*;  perarma- 
turn,  674* 


Ammonite  type  of  suture,  134 ^'-z^S*,  573 

Ammonitic  types,  first  appearance  of, 
468 

Ammonoids,  90,  133-138,  174;  abun- 
dance of,  in  Triassic  and  Jurassic,  535 ; 
Mesozoic,  746:  Triassic,  607;  Creta- 
ceous, 701* 

Amnigenia  catskiUensis,  387^ 

AmcAa^  91 ;  proteus,  91^ 

Amphibia,  90,  168;  Carbonic,  501;  Ca- 
manchean  and  Cretaceous,  736;  De- 
vonian, 435*,  436,  596;  foot-prints  of,  in 
Mauch  Chunk  shales,  471;  Mesosoic, 
750;  Paleozoic,  595-600;  Pamian^ 
529*  597  *f  600;  Tertiary,  835;  tracks 
of  Triassic,  628* ;  Triassic,  641 

Ampkiclina,  114* 

Amphineura,  90 

AmphioxuSy  90 

Amphipoda,  145 ;  Paleozoic,  578* 

Ampkistegina  lessoni,  823* 

Amynodonts,  858 

Anabolia,  151* 

Anaerobic  condition,  173 

Anal  plates,  in  crinoids,  156 

Ananckytes  avatar  737* 

Anarcestes  lateseptatus,  429^;  mm^imih 
lUisius,  58* 

Anasa,  153* 

Anastrophia  intemascens,  361* 

Anatolia,  Lias  in,  666 

Anchesauripus  exsertus,  756* 

Anckisaurus,  757;  coluna,  758^ 

Ancydus  fiuviatilis,  884 

Ancyclus  Lake,  884,  885* 

Ancyloceras  percostahtm,  730* 

Andean  chain,  784,  785 

Andean  geosyncline,  Cretaceous,  697; 
Jurassic  deposits  in,  654;  Mississip- 
pian, 462 

Andes  Mountains,  Triassic  of,  625 

Andrias  scheuchuri,  171* 

Andromeda,  nebula  of,  176 

Angesckwemmigebirge,  4*,  6*;  see  Allu- 
vium 

Angiosperm  flora,  Comanchean,  694,  779 

Angiosperms,  71,  88;  appearance  of, 
742;     Comanchean,    742;    Cretaceous* 

744 
Anglo-Icelandic     land     mass,     Tertiary, 

804 
Anhydrite,    Permian    depcjsits    of,    516; 

Triassic,  628* 
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Animals,  characten  of  types  of,  91-171; 
fossil,  as  indicators  of  types  of  sedi- 
ments, 51 

AnimikJan,  20,.  198;  series,  iqi 

Anisic,  608 

Anisopsammia  amphekaides,  108* 

Ankareh  shale,  631 

Annularia  hmgi/olia,  503* 

Anomaiocrinus  tncurvus,  307* 

Anomalodesmacee,  745 

Anompkalus  rottdus,  497* 

Anopiotkeca  hemispkmrica,  318* 

Antarctica,  Cambrian  of,  220 

Ant-eaters,  836,  840 

Antelopes,    839,    842,    846;    prong-horn, 

843 
Anthozoa,  91, 103-109;  '^  Corals 
Anthracolithic  system,  17,  507 
Antkracomya  ehngata,  495*;  /ms,  495* 
Antkrapaktmon  gracilis,  578* 
Anikrenus,  154 
Anticosti  Island,  31  z,  313;    Silurian  of, 

337 
Antietam   sandstone,   fossil   burrows  in, 

43*.  44 
Antigua  formation,  table  fadng  783 
AntiUean  chain,  formation  of,  783-785 
Antilles,    Greater,    791;     Cretaceous   of, 

694,    695;    folding   of   Cretaceous  in, 

'783 

Antlers,  increase  in  complexity  of,  in 
geological  time,  846*;  increase  in  com- 
plexity of,  in  ontogeny,  847*;  in  ru- 
minants, formation  of,  846 

Anura,  750 

ApatosaumSt  763* 

Apennines,  Tertiary  of,  780 

Apes,  840 

Apkeleceras  disciforme,  571* 

Apiacrinus  roissyamu,  677* 

Apis,  IS3* 

Aporrhyza  of  sponges,  95* 

Appalachia,  212,  213,  329,  337,  338,  243. 
373;  section  across,  349*;  Silurian 
alluvial  deposits  from,  333,  334;  Si- 
lurian elastics  derived  from,  343,  347; 
palaeozoic  dastics  derived  from,  530; 
partial  collapse  of,  533 ;  Penn^ylvanian 

,  elastics  derived  from,  479*,  480 

Appalachian    folds,    map   of    trends   of, 

533*;  type  of,  531*.  532* 
Appalachian  geosyncUne,  331;   Cambrian 

deposits  in,  330,  221*;    Carbonic  fans 


of,  483;  cross-sections  of,  in  Cambrian 
time,  337*,  238*;  Missiasippian  al- 
luvial deposits  in,  446*;  Palseocoic 
deposition  in,  530;  Penn^lvaniah  de- 
posits in,  476;  Permo-Carbonic  conti- 
nental deposits  in,  478;  section  of, 
249* ;  Silurian  fauna  in,  350 

Appalachian  Mountains,  formation  of, 
475.  530-532 ;  uplift  of,  785 

Appalachian  trough,  285;  Devonian  de- 
posits in,  402;  graptolite  shales  of, 
375;  Marcellus  shale  in,  395,  399*; 
Missiasippian  of,  443,  447,  450;  sec- 
tion across,  371*;  Silurian  alluvial 
fans  of,  333*,   334;    Silurian  deposits 

in.  333  *,  334*.  335,  347;    Upper  De- 

.vonian  of,  401 
Appendages  of  trilobites,  143* 
Aptian,  685,  712,  716* 
Apus,  144*,  574;  cancriformis,  143* 
Aquatic  organisms,  69 
Aquitanian,  table  facing  783 
Arachnida,  150-152  ;  5««  also  Merostomata, 

scorpions  and  spiders 
Aragon,  Spain,  Wealden  in,  711 
Aralia  digilata,  743* 
Arbuckle    Mountains,    Oklahoma,    535; 

Cambrian  of,  223,  345,  350 
Area,    38*,    826;     granosa,    118*;     noct, 

118*;  pexala,  566* 
Archean,   8,   184*,   185  ^   193-198;    fos- 
sils of,  196* ;  series  of  Finland,  303 
Arckaa  paradaxa,  150* 
ArduBocidaris,  499;    agassiti,  500*;    di- 

nitmii,  500*;  skumardiana,  472*;  wor- 

iMeni,  472* 
Ardueocyathid  corals,  205 
Arckaocyatkus,  231*;  group,  330;  rensse- 

laricus,  237* 
Archaopteris,  471 ;  minor,  473* 
ArchaopUryx,  171,  663,  679,  774*;   lUko- 

grapkica,  664* 
Archaozoic,  9,  20 
Archimedes,  468,  556;    commmiis,  464*; 

wortheni,  464* 
Arctic  faima,  Silurian,  337,  355 
Arduino,  Giovanni,  3,  6 
Arenig  beds,  295 ;  -Llandeilo,  376 
Argentine, .  Cretaceous    in,    697 ;     Mis- 

sissippian  in,  462 ;.  Triassic  of,  635 
Argonauta,  127,  748;  or  go,  129*;  as  index 

fossil,  49 
Arietiies,  671 ;  bucUandi,  672* 
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AHon,  126* 

Aristotle's  Lantern,  163^  164* 

Arizona,    Pennsylvanian    of,    485,    486; 

petrified  forest  of,  6x9,  620*;   Triassic 

red  beds  of,  617 
Arkansas,    Mississippian   of,    445  **>    449, 

454 ;  Pennsylvanian  of,  482 
Armadillos,  836,  840;    Pleistocene,  896, 

897* 
Armenia,  Miocene  in,  819;    Permian  in, 

Armorican   chain,   507,   508*,   509,   534, 

625,  627 ;  formation  of,  492 
Armorican  land-mass,  487,  655,  807 
Ariemia  saUna,  69* 
Arthrodira,  168*,  412,  432,  593 
Arthrolycosa  aniiqua,  582* 
Artkropkycus,    42,    331;     harlani,    41^, 

317.  333 

Arthropoda,  90 

Articulata,  586,  749 

Artificial  structures  as  fossils,  45 

Artinskian  series,  5//,  520 

Artiodactyla,  839,  840,  841,  842,  843- 
847 :  fore-feet  of,  843* 

Anmdal  formation,  695 

Ascidians,  90 

Aseptata,  91, 106 ;  see  Corals  and  Anthozoa 

Ashokan  beds,  377*,  383;  delta,  origin 
of,  408 

Asia,  Cambrian  of,  219,  220,  246,  247; 
eariy  Tertiary  evolution  of  mammals 
in,  840;  Eogene  of,  804-815;  Jurassic 
of,  666,  667 ;  map  of  Eocene  of,  809* ; 
map  of  Palseocene  of,  808*;  Mis- 
sissippian in,  462;  Neogene  of,  816- 
820;  Ordovician  of,  294-300;  Per- 
mian of,  520;  Silurian  of,  350;  sections 
across,  showing  geosynclines,  216*; 
Triassic  of,  638 

Asia  and  Europe,  Carbonic  of,  486-492; 
Devonian  of,  4x2-416;  Lower  Car- 
boniferous of,  456-462 

Asia  Minor,  Mississippian  in,  462 

Asiatic  faima,  Devonian,  407 

Asphaltuin,  Trinidad,  790 

Aspidobranchia,  746 

A  spidoceras,  674;  perarmatum,  674^ 

AspUniuM  thdypterotdeSf  82* 

Astarte,  880 

Asterias,  66* 

Asterocalamites,  471 ;  scrobiculatus,  474* 

Asteroidea,  qo,  162,  177 


Asteroids,  origin  of,  177 

AskropkyUUes  laiifoUa,  436* 

Asterozoa,  586 

Astian,  table  fadng  782 

Astraospongia  meniscus,  357^ 

Astrohelia  palmata,  824* 

Astroides  calyadaris,  103* 

Astropecien  spifudosus,  160^ 

Astrorhizae  in  stromatoporas,  552 

Astylospongia,  357,  548;  pnemorsa,  358* 

AtkrotaxUes  pnnceps,  742^ 

AtkyriSt  422,  468;  lamdlosa,  465* 

Atikokania,  192 

Atlantica,  213,  214,  486,  804;  SOurian 
river  deposits  from,  350 

Atlantic  coast,  Tertiaiy  of,  table  facing 
782,  786-788;  Quatemaiy  of,  879,  880 

Atlantic  fauna,  Silurian,  350,  353,  355 

Atlantic  faunal  province,  Cambrian,  229- 
231.  239,  247-250,  252,  253;  Cam- 
brian fossils  of,  232*-235*;  Silurian, 
237»  238;  Silurian,  on  map,  349^ 

Atlantic  Sea,  Triassic,  632 

Atremata,  556 

Atrypa,  114,  422;  occidtnUdis,  424^; 
rettcvlans,  68,  115*,  424*;  spimasa, 
424*;  spirijeraides,  42s* 

Attawapishkat  River,  Devonian  recCs  of, 
400* 

Aturia,  831 ;  vomixemi,  832* 

Aubry,  lower,  sandstone,  484,  486 

AuceUa,  653,  666,  670,  714,  727;  cras^ 
sicoUis,  709* ;  mosquensiSf  66g* ;  piockii, 
709^;  piochiivzx.  owta,  709* 

Auchenias,  898 

Auemig  beds»  491 

Aulocopiumt  548;  awaniium,  546* 

Aulopora  serpenSt  422* 

Aulosteges,  523;  gigas,  524* 

Aurelia,  98*;  flavidtda,  98^ 

Auriferous  gravels  of  Sierra  Nevada 
Mountains,  682 

Aurignacian    culture    stage,     883,     9x6, 

917;  race,  883,  914 
Aurochs,  S98* 

Ausable  Chasm,  New  York,  Potsdam  sand- 
stone of,  251* 
Austin  chalk,  69S;  fossils  of,  707* 
Australia,  Cambrian  of,  220;  Cambrian 
glaciatlon  in,  204-206*;  Devonian  of, 
4x6;  Lias  in,  667;  Permian  gladal 
deposits  of,  521-523;   recent  cycad  of, 

84* 
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Auvenian,  table  fadng  782, 8x3* 
Avalon  Peninsula,  199;  series,  199* 
Aves,  90 
AvictUOf  566*;    contorta,  63s*,  636;    hi- 

fundo,  1x8* 
Avicuhpecten,    497;     ocddentalis,    495*; 

princeps,  426* 
Avkfdopinna  peracuta,  526* 
Azilian-Tardenoiatan   culture   stage,   883, 

916,  919,  920 
Azoic  condition,  173 

Bacteria,  7x,  72 

Bacirites,  748 ;  ekgans,  429* 

Baadites,    136,    700,    731,    747;     anceps, 

137*;  compressus,  7ox*;  avahu,  701* 
Badger,  Pleistocene,  895  -^ 

Bad  Lands,  South  Dakota,  797*,  801 
Baer,  Karl  Ernst  von,  55 
Bairdia   cestriensis,  468*;    leguminoides, 

43a* 
Bajocian,  645,  652,  653 

Baku  oils.  Tertiary,  817 

Bala  series,  2q8 

Balanoghssus,  90 

Bolanus,  X46*,  577,  748 

Bakl  Eagle  coxigkmerate,  333;  Moun- 
tain section,  332^ 

Balearic  basin,  626*,  628,  632;  Jurassic, 
655;  Lower  Cretaceous,  7x2;  OUgocene 
deposits  in,  8x2 ;  Triassic  of,  638 

Balearic  Islands,  Triassic  in,  629;  Qua- 
ternary of,  885 

Balkans,  Mississippian  in  the,  462;  Tri- 
assic of  the,  630,  638 

Baltic  geosyncline,  map  of  Silurian,  355*; 
Ordovician,  294,  297,  298 

Baltic  Pnxvinces  of  Russia,  Cambrian  of, 
239,  240*,  242,  247,  248*,  249;  Old 
Red  Sandstone  of,  4x5 ;  Ordovician  of, 
295,  297*;  Silurian  of,  3xx,  355 

Bangor  limestone,  453,  454 

Barbados,  Radiolaria  of,  93* 

Barbarothea  ft&rissanti,  833* 

Barnacles,  90,  X44,  145;  acorn,  748; 
Devonian,  577*;  goose,  748;  Silurian, 
577*;  see  also  Cirripedia 

Barnwell  formation,  table  facing  782 

Barrande,  Joachim,  X4,  2x9,  242,  257, 
310;  portrait,  X3* 

Barremian,  685,  7x2,  713 

Barren  series.  Carbonic,  Lower,  478; 
Upper,  478 


Bartonian,  8x3*,  table  fadng  782 

Barycrinus  haveyif  469* 

Basal  Palaeozoic  contact,  character  of, 
x8x,  182*;  pabeogeographic  signifi- 
cance of,  x86;  typical  sections  of,  183*, 

184*,  x8s* 

Basal  Paleozoic  sandstone,  materials  of, 
224 

Basals  in  crinoids,  156,  158* 

Bashi  formation,  table  facing  782 

Basterot,  780 

Bastes  in  Quader  sandstone,  5* 

Bathonian,  645,  667 

Balocrinus,  X58* 

BatostomtUa  spiwuhsa,  464* 

Bats,  Pleistocene,  895 

Bay  of  Fundy,  Triassic  cliffs  on,  611 

Bear  River  formation,  703  ;  fossils  of,  739* 

Bears,  84  x,  866;  Pleistocene,  895 

Beatncea  noduhsa,  $$$* 

Beckwith  formation,  650 

Becraft  limestone,  377*,  S7Qi  389*;  fold- 
ing of,  531*  ji  fossils  of,  379f  380* 

Becraft  Mountain,  New  York,  section 
across,  53X* 

Bedford  shale,  440,  44X* 

Beekite  rings,  36 

Beekmantown  limestone,  260,  264,  273, 
284,  389*;  fossils  of,  261*,  262**,  270*; 
in  section,  22x*,  260*,  265*,  271*, 
274*,  279*,  386* 

Beekmantown  time,  maps  of,  275**,  276* 

BeUmniteUa,  732,  748;  omericana,  707*, 
708;  mucronala,  735* 

Bekmniies,  90,  X38,  139*,  666;   acuartus- 

'  tubulariSt  675  •;  brevis,  675  •;  canali- 
cuktus,  675*;  chvatus,  675*;  densus, 
651*1  652;  dihtaius,  735*;  giganteus, 
675*;  semikastaius,67s;  tUk4micus,  675* 

Bdenmites,  Comanchean  and  Cretaceous, 
732.  73S*;  Jurassic,  674,  675*;  Me- 
sozoic,  748 

Belgium,  Carbonic  of,  488;  Carbonic 
fossils  of,  498*;  Carboniferous  Lime- 
stone of,  438,  456;  Eocene  of,  814; 
folding  of  Carbonic  strata  of,  492; 
folded  Pabcozoics  of,  535;  Miocene  in, 
8x8;  Mississippian  of,  459V  460; 
Wealden  fossils  of,  750,  762* 

Belinurus,  499,  579 ;  lacoHi,  500* 

BeUerophofty  304,  468,  525,  640;  car- 
bonarius,  496*;  crassus,  496*;  group, 
566;  leda,  437*;  limestone,  5xx:  ntdis, 
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427*;     nodocannaHu,    496*;     percari- 

natus,    496*;    subUnis,   466*;    texiiUs, 

466* 
Belodon,  641 ;  kapffi,  755** 
Belosioma^  152*  '      ^ 

.Be//«fia  iaiki«,  188* 
Belt  teirane,  187,  i88,  193,  323,  235,  245 ; 

origin  of,  538 
Benthonic  organiams,  64*-68* 
Benton  group,  686,  698* ;  fossib  of,  699^ 

700*,  735* 
Berchteagaden,  Triassic  salt  of,  630 
Berea  brines  and  oils,   440;    sandstone, 

440,  441  •»  445 
Berenicea  minnesoiensis,  303*,  555* 
Berlin  basin.  Tertiary    cross-section    of. 

Sis* 
Berriasian,  685,  713 
Bertie  waterlinte,  314,  3I5^  322,  3^4^ 

348,  3SO,  389;  fossik  of,  325*,  378* 
Beyrich,  E.  von,  19;  portrait,  781* 
Beyrichia,  577  ;  granulosa,  367* 
BeyrickUUa  confiuens,  468*, 
Bicknell  sandstone,  652,  6S3 
Biflustra  tarta,72S* 
Big  Horn  Basin,  800 
Big  Horn  Mountains,  Juraadc  of,  651, 

652 
BilUngsastrtta  gigas,  421* 
BiUingsdla  coloradoefuis,  560* 
BiloctUina,  822  ;  inordinaia,  823^ 
Bingen,  Germany,  section  of  Rhine  near, 

413* 
Binnewater  sandstone,  314, 329*,  330* 
Biogenesis,  Law  of,  55 
Birds,  171 ;   Comanchean  and  Cretaceous, 

736;     Jurassic,    663,    664,    679,    774*. 

776;    Mesozoic,  774-776;    Pleistocene, 

896;  Tertiary,  836 
Bird's-eye  limestone,  280 
Bison,  866, 895 ;  americaims,  898;  bmtatus, 

898;  priscus,  898* 
Bivalves,  90 ;  see  Pelecypoda 
Black  Forest,  Germany,  Triassic  of,  627 
Black  Hand  sandstone,  440 
Black  Hills,  basal  Palax>zoic  contact  in, 

183.  i84* 
Black  Hills  dome,  Jurassic  of,  651 
Black  Hills  region,  Penn^ylvanian  in,  484 
Black  Mingo  formation,  table  facing  782 
Black   River  limestone,   281;    fossib  of, 

28t*,  282,  557*;  section  of,  280* 
Black  River-Trenton  series,  363,  389* 


Blastoids,  90,  155,  157^160*;  I>evoiiiaii« 
422,  439**,  430*;  Miasissippian,  469. 
471^;  Palcofloic,  586;  Siluiiaiia  369*, 
370 

Bkx:k  mountains.  Great  Basin,  785 

Bloomsboig  shale,  343 

Blubber  in  whales,  863 

Bhie  algc,  71 ;  see  Alge 

Bluefield  shale,  453** 

Bohemia,  Cambrian  of,  3x9,  330;  241, 
342,  247,  248*,  249;  Cambrian  tcilo- 
bitesof,  233*;  Devonian  of,  375^,  412; 
Devonian  fossib  of,  131*,  563*;  Or- 
dovidan  of,  294,  297,  298;  Silurian  of, 
311,  354 ;  Silurian  foasib  of,  130*,  363* ; 
Upper  Cretaceous  in,  720 

Bohemian  basin,  Ordovidan  of,  257; 
Silurian  on  map^  355* 

Bohio  conglomerate,  tabk  facing  782 

Boreal  or  Russian  fauna,  Jurassic,  666; 
Triassic,  632 

Borneo,  Lias  in,  666 

Bos  primigenins,  892,  898,  899* 

Bosworthia  simulans,  540 

Botkriocidans,  5^;  paUeni,  589* 

BoikrioUpis,  425 ;  canadensis,  408*,  409* 

BotryUopora  socialis,  423* 

Bottnian  series,  303 

BougainioiUea  JnUicosa,  96* 

Bovines,  846 

Bowden  marb,  791 ;  table  facing  783 

Brachia  in  brachiopods,  1x3,  //j*,  114'', 
xis* 

Brachiab  in  crinoids»  156, 158** 

Brachidia  in  brachiopods,  114*,  115*; 
development  of,  563,  563,  564 

Brachiopoda,  90,  113-1x5,  ss6*-564*; 
Carbonic,  493,  494^  495*;  cardinal 
areas  of,  561*;  Comanchean,  726*,  737, 
Cretaceous,  726*,  727 ;  Devonian,  378*- 

384*,  398*»  4*2-425*.  SS7*-56i*,  563*; 
Jurasac,  667,  668^  669*;  Mcsoaoic, 
74  s;  Mississippian,  460*,  461*,  4^5*1 
46S,  558f;  muscular  scars  in,  557*; 
Ordovidan,  261*,  363*,  364*,  270*,  301, 
557*,  559*.  562*  563*;  Pcnnian,  5x4*, 
523,  S24*»  525*;  saurian,  317*,  3x8*, 
320*,  32s*,  328^,  329*»  337,  338,  346^ 
360*,  36x*  362*;  Tertiary,  824,  825*; 
Triassic,  631*,  639* 

Braekiosanrus,  764* 

Brackiospongia,  301,  548;  digitaia,  300^ 

Brackymetropus  iodiensis,  468* 
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BrackypkyUttm,  649*;  stomhergi,  742* 
Brackyprim  kda,  561*;  profunda,  561^ 
Braintree,   Maasacfauaettfl^  Cambrian  of, 

a2i,  241  -  ti 

Branchiopoda,  Cambrian,  574,  576*, 
577*;  Meaoaolc  748;  PabcoBoic,  S74» 
576*.  577*;    Triasdc,   748;    WeaUen, 

748 

Branckiosaurus  atnUystomw,  597^ 

Brayman  shale^  348 

Brazil,  Permian  gbicial  deposits  of,  522 

Bretonian,  247^-250 

Bridger  basin,  800;  formation,  849*, 
table  facing  782 ;  Range  section,  452* 

British  Cohunbia,  Triassic  of,  622;  Ju- 
rassic of,  652 

British  Isles,  Quaternary  of,  883,  884 

Brito  formation,  table  facing  782 

Brittany,  pre-Cambrian  fossils  of,  223 

Brittle-stars,  90,  161**;  Mississippian, 
589^;  Palaeozoic,  587,  589*;  see  also 
Ophiuroidca 

Brocchi,  G^  780 

Brongniart,  A.,  8,  643,  779 

Brongniarti  Pldner,  4* 

Bronieus,  363;    planus,  367*;    polyaciin, 

Brontosaurus,  736,  756*.  7S9*i  763*, 
764;  excdsus,  763 

Brontotkerium,  854;  platyceras,  855^ 

Bronze  Age,  883,  921 

Brown  Jura,  659 ;  see  Jura  and  Dogger 

Bryographu  pusiUus,  549* 

BryophyU,  71,  79 

Bryozoa,  90,  ixo-zzz;  Carbonic,  493*; 
Cretaceous,  725*;  Devonian,  422, 
423*;  Mesoiolc,  745;  Mississippian, 
464*,  468;  Oidoviciaa»  301;  Palaeo- 
a»c,  554.  555*,  5S<h  Permian,  523, 
524*;  Silurian,  360 

Bryozoa  reefs,  in  Clinton  beda»  319*; 
Tertiary,  816,  817* 

Brule  clay,  table  facing  782 

Br  tan  race,  883,  917 

Bnbalos  antiquus,  898 

Bucania  subcaHna,  304^ 

Buccanopsis  kda,  427*;  UxHUs,  466* 

Buccimm  greenlandicum,  880;  undahm, 
125* 

Buch,  Leopold  von,  605 

BnekMa,  422 ;  retrostriala,  426* 

Buffalo,  New  York,  Onondaga  at,  390; 
section  of  Sflurian  at,  324* 


Buffalo,  Pleistocene,  898,  899 

Buffalo  beetle,  154 

Bugnla,  112* 

Bulimorpka  mtmito,  497* 

Bunodes,  579 

Bunter  Sandstfiii,  7^  605,  608,  627,  629*; 

fossils  of,  748;  Rdth  division  of,  628; 

see  also  Buntsasidstem 
Bunisandstein,  i8, 489* 
Burckhardt,  CarkM,  Triassic  studies  by, 

606 
Burdigalian,  table  facing  78a 
Burgesia  bella,  243* 
Burgess  sh^le,  fossils  of,  243 ^  244*,  538*- 

S40*,    543*-545*»    573*,    574*,    576*, 

577*.  579*,  585*,  590* 
Burlington  limestones,  440,  445*,  446^, 

478*;  fossils  of,  464*,  470*,  47X*,  472* 
Burnett  Uplift,  Texas,  223 
Burrows,  as  fossils,  43*,  44 
Bsrram  marl,  table  facing  78a 
Byssonyckia,  282,  303 ;  radiala,  285* 

Cabbage  butterfly,  154 

Cactocrmus  proboscidialis,  158*,  470* 

Caithness  shales,  4x7* 

Calabrian  series,  883 

Calais,  748 

Caiamites,  71,  78*,  80,  437*,  47i,   54©; 

extinction  of,  740;     fruitage  of,  79*; 

Permian,  529 
Calamcstackys  bmneyanus,    79^;    typica, 

79* 

Calcaire  carbonif^e,  457;  see  Carbonif- 
erous Limestone 

Calcaire  Grassier,  813* 

Calcaiea,  91 

Calcareous  algse,  192,  193,  196^  198; 
Ordovidan,  26x*;  pre-Cambrian,  x88*, 
x89* 

Cakareoua  sponges,  91 

Calceola,  4x7 ;  sandalina,  420* 

Cakiferous  sandrock,  260;    sandstone  of 

Scotland,  458 
Caledonian    Mountams,     formation    of, 

356,  357,  417 

California,  Cambrian  of,  222;  Coman- 
cfaean  and  Cretaceous  of,  708,  709; 
conditions  of  Tertiary  deposition  in, 
795;  Jurassic  of,  652,  653;  Tertiary 
of.  792*f  793*,  794*.  795;  Triassic  of, 
622,  624 

CaUianassa  conradi,  736*;  morUmi,  736* 
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CaUipteridium  miralnle,  83* 

CaUipteris,  529;  conjerta,  83* 

Cdlloceras  nodotianus,  48* 

CallocystUes,  370 ;   canadensis,  369* 

Callovian,  645,  652,  653,  660 

Caloosahatchee  beds,  288,  table  facing 
782 

Calymmene,  308,  363;  iniermedia,  143*; 
niagarensis,  366* ;  senaria,  306* ;  /ff6«r- 
cttlata,  Z42* 

Caljrx  in  blastoids,  is8*-x6o*;  in  corals, 
104*,  105* ;  in  crinoids,  156 

Camarocrinus  si^ffordi,  430* 

Camarotackia,  303,  562;  acinus,  361*; 
dianensis,  361*;  ^na,  263*;  sapphd, 
424*;  wkiteit  361* 

Cambria,  13,  218 

Cambric,  20;  see  Cambrian 

Cambrian,  lo*,  20,  174,  i83*-i8s*,  193, 
203,  218-255,  274*;  aI«SB»  a35f  538*. 
539*1  540*;  brachiopods,  228*,  229*, 
232;  branchiopods,  574,  576*,  577*; 
cephalopods,  234,  568*;  corals,  227*; 
crustaceans,  232-235*,  243*;  echino- 
derms,  234;  eurypterids,  235;  faunal 
provinces  of,  228,  22q;  faunas,  227-235; 
gastropods,  230*;  holothurians,  234, 
243*  589,  590*;  hyolithids,  230*;  me- 
dusae, 227*,  228,  231 ;  merostomes,  579- 
582*;  Mountains,  on  map,  12*;  palaeo- 
geographic  maps  of,  236*,  241*,  348*; 
pelecjrpods,  234;  sea-cucumbers,  234; 
sponges,  543*,  544*,  545*,  546*;  sub- 
division of,  226;  trilobites,  232*-235*, 
573*,  574*.  575*;  worms,  234,  243*, 
244*.  585* 

Cambrian  and  Lower  Ordovician,  map 
of  outcrops  of,  in  North  America,  222* 

Cambrian  faunas,  abrupt  appearance  of, 
335*  536-538;  general  characters  of, 
23i*-235* 

Cambridge  formation,  table  facing  782 

Cameb,  839,  842,  845-846;  Arabian, 
845;  Bactrian,  845;  Pleistocene,  897, 
898 

Camelus  bactrianus,  843* 

Camerata,  586 

Cameroceras,  308;  tenuiseptumt  305* 

Camillus  shale,  314 

Caminus  vulcani,  95* 

Campanian,  685,  708 

Campeloma  mMliiUnealum,  739* 

Campodes,  151* 


CampopkyUnm  torquium,  493* 

CampUmectes  beUistriaius,  65 1\  652 

CampiosauruSt  767 

Canada,  Comanchean  in,  693 ;  Comanchean 
and  Cretaceous  of,  708 ;  Cretaceous  in, 
695 ;  pre-Cambrian  glaciation  in,  192, 
204 

Canadian  group,  260 

Cahadian  platform,  section  of,  249* 

Canadian  provinces,  Cambrian  of,  222 

Canadian  region,  summaiy  of  the  pre- 
Cambrian  of,  198 

Canadian  Rockies^  Cambrian  of,  222 

Canadian  shield,  214 

Canadia  setigera,  585*;  spinosa,  585^ 

Canajoharie  Creek,  New  York,  Ordovidan 
section  in,  272* 

Canajoharie  shale,  286*,  288,  289* 

Cancer  aniennarius,  148* 

Caney  shales,  4S4 

Caninia,  465 

Cams,  841 ;  dims,  894* 

Cannon-bone,  842,  845,  846 

Cape  Ann,  Massachusetts^  terminal  mo- 
raine at,  869* 

Cape  Breton,  Cambrian  of,  221,  229, 
239,  240*,  247 

Cape  Blomidon,  Nova  Scotia,  611 

Cape  Bonavista,  Newfoundland,  Ava- 
Ion  series  of,  199* 

Cape  Cod,  Massachusetts,  sand-plains  of, 
878;  terminal  moraines  of,  868^  869*, 
870,  871* 

Cape  d'Or,  Nova  Scotia,  611 

Cape  Split,  Nova  Scotia,  611 

Cape  Wrath,  Scotland,  218 

Capitan  limestonCr  518 

Caprina,  723,  729;  aigmttoni,  721* 

Caprinids,  746 

Caradoc  series,  298 

Carbonic,  ly,  20,  30,  475 ;  alluvial  fans  of 
early,  478,  479*;  amphibians,  501; 
brachiopods,  493*495*;  Bryozoa,  493*; 
cephalopods,  497*1  498*,  572*;  corals, 
493*,  493*;  crinoids,  499*;  Crustacea, 
145*,  498,  499*,  578*;  dragon-flies. 
501;  echinoderms,  499*,  500*;  echi- 
noids,  499,  500;  eurypterids,  499; 
ferns,  502*,  503*,  542* ;  fish,  501; 
folding  at  end  of,  in  Europe,  507,  508* ; 
Foraminifera,  489*.  490*,  492;  gan- 
oids, 501;  gastropods,  496*,  497*; 
goniatites,   498*;    insects,   501*;    land 
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pUmta^  1901-50$*  i  life  o^  492-505; 
lycopodfly  504*,  505^ ;  merostomes,  499, 
500*;  myriapods,  501,  581,  583*; 
nautiloids,  497^  498^  57a*;  ostracods, 
498,  499*;  pelecypods,  495*.  49^, 
526*;  -Pennic  landscape  restoration 
of,  603*;  reptQes,  598*,  601-603; 
scorpions,  501,  580,  582*;  spiders,  501, 
580,  582*;  see  Carboniferous  and  Penn- 
sylvanian 

Carbonijtre  InfSnew,  z7 

Corbomjire  Supiriew,  17 

Carboniferous,  438;  Lower,  438;  Lower 
of  Europe  and  Asia,  456-462;  Upper, 
438,  439;  Upper  of  Europe,  486;  see 
also  Carbonic 

Carboniferous  Limestone  of  England, 
zo*,  15,  16,  438,  458;  in  the  Cross 
Fell,  457*;  on  map,  12*;  Pembroke 
section  of,  456*;  Yorkshire  section  of, 

455* 
Carboniferous  Limestone  of  Europe,  456; 

fossils  of,  463*,  468* 
Cardiaster  cincius,  737* 
Cardinal  areas  of  brachiopods,  561* 
Cardinal  quadrant,  J04*;  septum,  104* 
Cardioceras  cordiformiSt  651* 
Cardioia,  363 ;  cornucopia,  362* 
Cardiopieris,  471 ;  polymorpha,  474* 
Cardita,  640 
Cardium,  826 
Caribbean  Arc,  789 
Caribbean  region,   Tertiary  of,  788^-791, 

table  facing,  782 
Carinaius  PlUner,  4*,  6*,  7* 
Camassial  teeth,  absence  of  in  bears  and 

seals,  842 
Camivora,  839,  840,  841,  842;    Pleisto- 
cene, 893*,  894  • 
Caryocrmicj,  370 ;  omaius,  3ig*,  321 
Caryopkyllia  alcockit  106* 
Carpathian    Mountains,    Flysch    of    the, 

720;     formation    of,    816;     origin    of 

sediments  of,  811 
Cascadia,  214 
Cascadian  geosyncline,  214 
Cashaqua  shales,  394* 
Castilian  delta,  Lower  Cretaceous,  713* 
Castle   Haynes    limestone,   table   facing 

782 
Casts  of  fossils,  38,  39 
Cat,  841 
Catahoula  sandstone,  table  facing  782,  tS? 


Catopterids,  749 

CatopUrus,  641 ;  redfeUdi,  610* 

Catskill  delta,  412,  441 

Catskill  formation,  377  ^  387*;  fossib  of, 
387*;  ostracoderms  of,  592 

Catskill  Mountains,  section  from  Hud- 
son River  to,  377* 

Catskill  region,  Upi^er  Devonian  section 
from  Ohio  to,  401* 

Catskill  sandstones,  3S4 

Cattle,  Pleistocene,  839,  843,  846,  898, 

Sgg 

Caucasus  Mountains,  formation  of,  816; 
Jurassic  in,  666,  667;  origin  of  sedi- 
ments of,  811 

Causes  of  gladation,  astronomic,  889- 
891;  atmoq>heric,  887-889;  terres- 
trial, 886-887 

Cave  of  the  Winds,  322 

Cayem  deposits,  skeletons  in,  37 

Cavoiinia  iridentata,  127* 

Cavolinidc,  746 

Cayuga  Lake,  New  York,  Tully  limestone 
on  shores  of,  392^ 

Cenomanian,  4,  6^,  685,  703,  716*; 
fossils,  725^  727*,  732*,  733*;  trans- 
gression, 715,  720 

Cenozcic,  Q,  20,  Z74*  Z75 

Centipedes,  90 

Central  America,  Triassic  of,  625 

Centroceras  okioense,  428* 

CefUrondla,  562 ;  glcnsfageOf  561* 

Cepkalaspis  lydU,  435 *,  592* 

Cephalopoda,  90,  127-138;  Cambrian, 
234»  568*;  Carbonic,  407*,  498*,  572-; 
Comanchean,  707*;  Cretaceous,  707*; 
Devonian,  422,  428,  429*,  570*;  Ju- 
rassic, 651*;  Mesozoic,  746-748;  Mis- 
sissippian,  467*,  468,  571*,  572*;  Or- 
dovician,  262,  281*,  304,  305*,  569*; 
Palaeozoic,  567;  Permian,  525,  527*; 
Silurian,  363,  364*,  365*;  Tertiary, 
831,  832*;    Triassic,  621,  633*,  634*, 

639*,  640 
Ceratiocaris    acuminaia,    578*;     papUio, 

146* 
CeratUes,    56,    134.    S73»    632,    640,    747; 

Mississippian,     467*,     468;      nodosm, 

58*,   X33*,  633*.  634;    Triassic,  633*, 

634* 
Ceratite  stage  in  ammonites,  56,  57 

Ceratitic  t3rpe  of  suture,   133*,  134,  4981 
I     573 ;  types,  747 
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CertUoius  runcinatus,  169* 

Ceratopea  keiiki,  270* 

Ceratopsia,  769*1  77o*,  77 1 

Ceralopsis  ckambersi,  306* 

Ceraiopyge  beds,  240*.  250;  forfiaila, 
354'*;  horizon,  254;  limestone,  in  dia- 
gram, 296* 

Cerolosamust  75^ 

Ctraufus,  308;  dentahu,  306* 

Cenocrmus  kemispherieus,  499* 

CenUdum,  640,  827;  funaimm,  807*;  WMf- 
garitaceum,  828*;  MorfiifffiNiPi,  125*; 
icrrolifm,  828* 

Cervalces,  900* 

CcrvKj  anocerus,  846*;  efefflux,  846*; 
dapkut,  843*;  fMdlAer^,  846*;  mmt- 
lia/tr,  846*;  fMfdCtffM,  901*;  joif- 
w»cifc»,  847* 

Cestracion  pkiUippi,  169*,  170* 

Cetacea,  840,  861-863 

Ckammya  ieaveitworlkemitt  s^* 

ChttUUs  radians,  493* 

Chagrin  formation,  441* 

Chalicotheres,  847,  857^  8sS 

Chalk  formation,  7x7,  779,  780;  forma- 
tion of  England,  604,  779*  780;  series, 
IX ;   significance  of  the,  718,  7x9 

Chalk  Cli£Es  of  France,  7x7* 

Chalk  Downs,  England,  683 

Ckama,  826 ;  congregato,  82s* 

Chamberlin,  T.  C,  179 

Champlain  division  of  formations,  15 ; 
emergence,  880;  Sea,  876*;  Valley, 
Ordovician  of,  360 

Champlainian,  260 

Chancellaria  drusUhf  546*;  eras,  545*: 
Hbo,  546* 

Ckara,  74;  vulgaris,  73* 

Chateaugay,  New  York,  Potsdam  sand- 
stone of,  249*,  250* 

Chattahoochee  fonnation,  787,  table 
facing  782 

Chattanooga  black  shale,  440,  445,  454; 
origin  of,  441 

Chattian,  table  facmg  782 

Chautauquan  division,  377 

Chazy  limestone,  262*,-  268,  269,  272, 
284,  285;  fossils  of,  263*;  in  section, 
221*,  260*,  265*,  274* 

Chazy-LowviUe  time,  map  of,  277* 

Cheilostomata,  745 

Ckeirolepis  trailli,  596* 

Chellean  culture  stage,  883,  913 


Chetonia,  Meaoeoic,  754 

Chemung  beds,  377,  389*,  393:  amphib- 
ian foot-print  in,  596;  Catskill  in  New 
York,  40X*;  derivation  of  fauna  of, 
so*;  fossils  of,  393,  398*,  4»6*,  427* 

Chesapeake  formatioa,  788,  taUe  facing 
782 

Cheshire,  England,  Triassic  tiandstone  oC 
627* 

Chester  group,  440,  478*;  fossils  of,  464\ 
468* 

Cheviot  Hills»  England,  section  of,  457* 

Chevrotains,  843 

Cheyenne  sandstones,  ^ 

Chickamauga  limestone,  27X 

Chico  series,  709,  710;  fossib  of,  733* 

Chile,  Cretaceous  in,  697;  Mississippian 
in,  462 

Chilkiium  in  bmchk>pods»  xi6* 

ChiUesford  day,  883 

Chiltem  Hills  or  cnesta,  10*;    on  mapk 

12* 

China,  Cambrian  of,  246;  Cambro- 
Ordovician  limestone  of,  253;  liaasic 
in,  666;  Mississippian  in,  462;  pre- 
Cambrian  gladation  in,  204*,  205^ 

Chipola  mari,  789,  79i»  table  facing  782 

Ckirotkerimn,  628* 

Chitin,34 

Chitinous  coverings  of  hydroida,  99 

Chitistone  disturbance,  622;  formatioQ. 
622 

CkiUm,  90;  squamotus,  125* 

Chlorophycee,  71 

Ckoia  carteri,  543* 

Chokian  series,  488 

Ckotidrites  iniricatus,  73*;  terisMW,  73* 

Chondrostd,  750;  see  Ganoids 

Ckendrus,  75 ;  crispus,  66\  76* 

Ckoneles,  493,  559,  561*;  amrara,  465*; 
coronaiust  425*;  mesciobus,  494*;  mm- 
croHoius,  425* 

Chouteau  fauna,  447 

Chronological  daasificatioa  of  roc^  i; 
history  of  devek)pment  of,  s-ao 

Chuar  series,  190* 

Cicada,  154 

Cidarida,  589 

Cidaris,  6,  77,  641;  MrofMta,  678^; 
gland^era*,  164 ;  texana,  737* 

Cidaroidea,  749 

Cimarron  series,  520 

Cinnnnatian,  a6o 
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Cincinnati  dome,  initial  uplift  o^  294; 

group,  2QI 

Cirri  in  crinoida,  isSt  is6*,  iS7* 

Cirripedia,  144-145;  Mesosoic,  748; 
Palsozoic,  577* 

Citronelle  fonnation,  table  facing  782 

Civet,  841 

Cladopora  crypt&dens,  421* 

CladiscUa  tomalus,  634* 

Chdopkora,  75 ;  gradHs,  74* 

Chdoselacke  fyleri,  S9S* 

Claiborne  group»  787,  table  facing  782; 
fossils  of,  824* 

Clam,  anatomy  of,  1x6^ 

Classes  of  organisms  64 

Classification,  chronological,  2 ;  of  forma- 
tions and  ^sterns,  9;  of  primaiy  time 
divisions,  2;  of  oiganisms,  according 
to  mode  of  fife,  69-71;  of  oiganisms, 
biological,  71-90 

Classifications  of  oiganisms,  63-69 

ClaihrodictyoH,  360,  553;  skiaieOmmt  102^ 
553* ;  vesiculosum,  359^ 

ClavilUkes,  827;  parisiensis,  829*;  to- 
laHderi,  829* 

Clayton  limestone,  table  facing  782 

Cleveland  shale,  441* 

CUmacograptuSt  263,  296,  550;  bkoffnSf 
268*;  typUdis,  282,  283*,  ssr* 

Climate  as  factor  in  evolution,  597,  598^ 
600,  601,  776 

CfimaUckmies,  42*,  760^  761;  wOsoni, 
41*;  yotmgi,A2* 

Oimaiius  macmcoHt  594^ 

Clinch  sandstone,  333*,  33s 

Clinton  Bryozoa  reefs,  319* 

Clinton  fauna,  338*,  360*;  group,  318; 
iron  ore,  322*;  limestone,  Z2^\  324*! 
limestone  and  shales,  314;  shales,  317*, 
3X9>    389*;    shales,    fossils    of,    318*, 

3x9* 
Oymema  undtdaia,  429* 
QypeasUr,  831 ;  aUecosUOus,  834*;  gyanii- 

fiorus,  834* 
Club-mosses:  leeLycopods 
Cnemidiastrium  rimulotum,  667^ 
Coal,    Carbonic,    478-483;     Cretaceous, 

699*,  703 ;  of  Shantung,  462 ;  Triassic, 

610 
Coal-measures,    cycad    of,    83*;     fossil 

ferns  of,  83*;  see  also  Carbonic 
Coal-measures  of  Great  Britain,  10,  438 
Cobalt  region,  silver  of,  191 


Cdbleakill  limestone,  314,  324^  325, 
326*,  348,   35o>  t77*»  378;    fossils  of, 

32s*.  3«7,  348,  364     . 
Cobleskill-Rondout  beds,  389* 
Coccolithophore,  72* 
Couosieus,  168*,  ^03 ;  decipiens,  435* 
Cadaster   pyramidalm,    430*;     iHMaius, 

159* 
Ccelacanthidae,  790 

Coelenterata,  91,  96-110;  see  also  Corals 

Codidium  macrospira,  363^ 

Cahptyckium,  725 ;  agarkoides,  724* 

Cedospira  hemispkarica,  318*,  319 

Comenchyma  in  corals,  744 

Camograpius,  268 :  gracilis,  99* 

Ccenosarc  in  coral  polyps,  109* 

Coesrmans  limestone,  326*,  377*,  378*, 
389*;  folding  of,  531*:  fossils  of, 
378* 

CoUema  undosa,  189* 

CoUonema  beUahditm,  427*   ' 

Colombia,  C6mancfaean  in,  687;  Creta- 
ceous in,  697 

Color  patterns  on  maps,  24;  legend  of, 
24,  25 ;  notation  of,  25 

Colorado;  Cretaceous  of,  698*,  702*; 
Jurassic  of,  648*,  651;  Jurassic  rep- 
tiles of,  769*;  Miocene  lake  beds  of, 
831,  833:  Triassic  in  Ouray  and  Td- 
luride  districts  of,  618*;  Triassic  red 
beds  of,  617 

Coloradoflin,  686;    fossils  of,  699*,  700^ 

706,  733*.  734*  739* 
Colorado  geosyndine,  685;   Comancfaean 
of,  687-693;    Cretaceous  of,  695-703; 
section  of,  619*;   Tertiary  deposits  in, 
800,  80X ;  Triassic,  616*,  619* 
Columbdlaridc,  746 
Columbian  lava  flows,  799^  802 
Colnmbites,  620;  parisiensis,  621* 
ColumHaria,  284,  301;  haBi,  281* 
Columnar  section,  geological,'25,  26,  27^ 
Comanchean,  /p,  20,  30,  605,  684;   am- 
monites,  134    ii5*,   137*.   728*.  729*» 
733*;    angiosperms,  742;    basal  sand- 
stone,   689*,    691;     bdemnites,    732, 
735*.    748;    feirds,   736;    brachiopods, 
726*,    727;     cephalopods,    707*;     di- 
nosaurs,   695,    736,    758,    759*.    76o*, 
76i»,  762*,  763*.  764,  765*,  766.  768*, 
772;    flora,    741,    742;     Foraminifera, 
723;    ginkgos,  741 ;«  land  plants,  734: 
I     mammals,    777  *>    778;    map   of   out- 
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crops  of,  in  North  America,  686*; 
palaeogeographic  map  of,  688*;  pelecy- 
pods,  690*,  693*  709*.  7x2*,  727*; 
transgression  of  sea,  689*;  verte- 
brates, 736 

Comanche  Peak  limestone.  6oi 

Comanchic,  20,  605.  683.  686;  see  also 
Comanchean  and  Lower  Cretaceous 

Comatyla,  155 

Comatulids,  566 

Composita,  496* 

Combe  Capelle,  France.  Aurignacian 
implements  at,  914 

Commentry,  France,  Coal-measures  of, 
488*,  505*;  Rothliegendes  at,  509 

Como  Bluff  beds,  fossils  of,  758,  759*, 
760*,  76x* 

Compsognaikus,  757 

Conard  fissure,  Arkansas,  880 

Conckicoliies,  584;  corrugatus,  585* 

Conckidium,  361 ;  nettdrothi,  361* 

Concretions  derived  from  silica  of  Radio- 
laria,  93 

Condylarthra,  837* 

Cone-in-cone  structure,  393,  399^ 

Conemaugh  series,  478,  483 

Congeria,  819;  canglobato,  8a6*;  sulh 
globosa,  818* 

Coniacian,  68s 

Coniferales,  71 

Conifers,  71,  86.  87*,  88*,  89*,  437  5 
Comanchean,  734,  741 ;  Jurassic,  667, 
742  r  Mesozoic,  740,  741;  Paleozoic, 
542;  Permian,  528*,  529;  Triassic, 
641*,  642*,  741 

Connate  salt  deposits,  Permian,  518 

Connecticut  Valley,  Triassic  of,  606; 
Triassic  dinosaurs  of,  756*,  757,  7S8*; 
Triassic  history  of,  6ii*-6i4* 

Conodypeus,  831 ;  conoideus,  833* 

Conodonts,  140*.  141,  437,  584;  De- 
vonian, 4^4,  432* 

Contemporaneous  faunas,  49,  50* 

Continental  gladers,  Quaternary,  in  North 
America,  867 

Continental  sediments,  indicated  by  fos- 
sils, 51 

CoHularia,  90,  363,  567,  746;  micronema, 
568*;  undnlata,  127* 

Conularida,  90,  126,  127*,  746;  Mis- 
sissippian,  568*;  Palaeozoic,  567;  Si- 
lurian, 328*,  363 

CoHus  marmoreuSt  125* 


Conybear,  W.  D.,  dted,  x6,  438 

Cooper  marl,  table  facing  782 

Cooper  River,  192 

Cope,  Edward  D.,  55 

Copper,  Age  of,  921 ;  Gennan,  51a 

Coprolites.  33,  46* 

Coral,  precious,  109 

Corallian,  10*,  605*,  645,  652,  660 

CoraUina,  77*,  78 

Corals,  96;  aseptate,  104*;  Caibonic. 
492*,  493*;  climate  indicated  by  oc- 
currence of,  52 ;  compound,  104*.  105 ; 
cup,  104*;  Devonian,  383 *,  4X7.  4i0*. 
422*;  Jurassic,  667,  668*;  hexasep- 
tate,  X05*;  Mississippian,  463  ^  46s; 
Ordovidan,  281*,  300*,  301*;  oxsan- 
pipe,  109*,  no*,  III*;  PalBosoic, 
553.  SS4;  saurian,  320*.  S3S.  337» 
338  348.  358,  359;  Tertiary,  823*,  824; 
tetraseptate,  91, 104, 744;  Trxaasic,  639; 
see  Anthozoa 

Cordaitales,  71 

CordaUes^  71,  84,  86*,  437,  542;  extinc- 
tion of,  740;  lingulaius,  505* 

Cordilleran  geo^jmdine,  214,  274,  275, 
685 ;  Asiatic  connection  with  Devonian, 
415;  Cambrian  of,  222;  Devonian, 
402;  folding  of,  680;  formation  of, 
534;  Jurassic  of.  645,  652,  653;  Pa- 
laeocene  folding  of,  784;  Pennsylvanian 
in,  477,  484,  486;  Permian  deposits  in, 
518;  Silurian  deposits  in,  338;  Trias- 
sic, 616*,  617,  622 

Cordilleran  ice-sheet,-  872* 

Cordilleran  Mountains,  formation  of,  680 

Cordilleran  Kedmont  basin  or  trough, 
616*,  617;  Jurassic  of,  645,  648-652; 
Triassic  cephalopods  of,  621;  Triassic 
deposits  in,  617-622 

Cordilleran  Sea,  Devonian  fauna  of,  40s ; 
Permian,  5x6 

Cordilleran  trough,  Mississippian  of, 
447»  449;  Mi^ssippian  coimection  of, 
with  Asia,  462 ;  Ordovidan  of,  393 ;  <» 
Cordilleran  geosjmdine 

ComeUitesfiabdium,  384* 

Comiferous  limestone,  324* 

ComulittSf  584 

Cornwall,  England,  Graywacke  aeries 
in.  IS 

Corona  of  sea-urchin,  163* 

Correlation,  methods  of,  30,  31;  of 
geological  formations,  28-3  x 
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Coryd4duSt  152^ 

Corymfides  eaUadaris,  550* 

Corypkodom,  838 

Coscinium  laimm,  464* 

Coscmopora,  725 ;  mfundibuliformis,  734* 

Cosmoceras  omalum,  673* 

Cosmopolitan  faunas,  50 ;  floras,  50 

Costc  in  oorab,  ids*,  'op,  745 

Cotswold  HiUs  or  cuesta,  xo*;   on  map, 

Cotyiosauria,  602 ,  754,  756 

Coyotes,  Pletstooene,  896 

Coutchiching  series,  194%  iqs,  198; 
on  diagram,  194* 

Czabs,  go;  see  Crustacea 

Craig  Roy,  202* 

Crania,  SS7 1  puickdia,  SS9*',  tefta,  559* 

CraUcuhna,  667 

Crayfish,  147* 

Crempeden  wimckelH,  466* 

Creodonta,  837 

Crepkepkalus,  23s;  Uxawus,  234* 

Crepidvla  fomicaia,  125* 

Critacie,  18;  infirieure,  x8;  supiriewe,  18 

Cretaceous,  3,  6*,  7*,  xo*,  18,  20,  30; 
ammonites,  136*,  137*,  700*,  701*,  73Xi 
732*»  733*;  angiospcrms,  744;  belem- 
nites,  73a,  735*.  748;  birds.  736,  77S*f 
776*;  brachiopods,  726*,  727;  brackish 
and  freshwater  mollusks,  739*;  Biy- 
oxoa,  735*;  cephalopods,  707*:  cri- 
noids,  734»  738*;  Crustacea,  732,  736*; 
dinosaurs,  758.  759*,  76o*,  76x*,  70S» 
766*,  767*,  769*-773* ;  echinoderms,  749; 
echinoids,  i63*,  i65*,  166*,  732.  734. 
737*;  fish,  736,  7So;  flora,  743*; 
Foraminifera,  723;  gastropods,  729, 
739*;  insects,  734»  736;  life  of,  723- 
737 ;  Lower,  605,  683  {su  Comanchean) ; 
mammals,  777,  778;  map  of  outcrops 
of,  in  North  America,  696^;  nautiloids, 
73a.  735*.  736*;  of  England,  on  map, 
X2*;  ostracoda,  732.  734.  739*;  peheo- 
geographic  maps  of,  704*.  7X4*.  7X5*. 
7x6*;  pelecypods,  699*.. 70x*,  706*.  712*, 
720*,  721*,  727*,  739*;  pencplane,  drain- 
age (m  domed,  873 ;  reptiles,  751  ^  752*, 
753.  754.  755;  series,  605;  sponges. 
723,  724*;  stromatoporoids,  725*,  727; 
subdivision  of,  685;  systems,  683- 
738;  teleosts,  750;  three-fold  divi- 
sion of^  in  Europe  and  Mexico,  x8; 
Upper,  19,    605,    685    {see   Cretadc); 


vertebrates,    736;    vokaniam   and   or- 
ganic disturbances,  738 

Cretadc,  19,  20,  683,  685,  686 ;  see  Upper 
Cretaceous 

Cf Cacique,  18 

Crete,  Triassic  of,  630 

Crinoidea,  90,  155-158;  Carbonic,  499*; 
Cretaceous,  734,  738*;  DevcHiian,  422, 
429*.  430*;  Jurassic,  676,  677*.  678*; 
Blesozoic,  749;  Mississippian,  469*, 
470*;  modern  classification  of,  586; 
Ordovidan,  307*,  308;  Palsozoic, 
586;  Silurian,  370*;  Triassic,  632  \ 
64X 

Crioceras,   137,   7io.   73i;    duvali,   137*; 
emerici,    729*;     kUum,    730*;     maike 
roni,  X37* 

Crocodiks,  169;  Jurassic,  666,  679.  755: 
Triassic,  64  x 

Croixian,  250,  25^,  352 

Croll's  hypothesis,  889,  890 

Cr6-Magnon  race,  883,  914,  915*,  916 

Cromarty,  Scotland,  372*;  kdp  gatherers 
of,  76* 

Cromer  forest  beds,  S84 

Cromerian  intergladal  stage,  883 

Cross  Fell,  section  of  the,  457* 

Croasopterygia,  750 ;  see  Ganoids 

Crosaopterygian  gandds,  594.  595.  596 

Cross-section,  geological,  25,  28* 

CroUdocrinus  ptikkert  370* 

Crustacea,  90,  140-147 ;  Cambrian,  232*- 
235  *,  244*;  Carbonic,  498^499*.  578*; 
Cretaceous,  732,  736*;  Devonian, 
424.  433*;  Jurassic,  662 *,  675,  676*; 
Paheoxoic,  574 ♦-578*;  Silurian,  363, 
366*,  367r  368*,  577*.  578*;  Ter- 
tiary, 83X,  832*;  Triassic,  635*.  641 

Crusiana,  297,  298* 

Cryphaus,  422;  6001^,431* 

Crypioblastus  mdo,  471* 

Cryptogamous  pfeuits,  71 

CryptoruUa  planirostris,  424* 

Cryptorrkynckus  profusus,  833* 

Cryptostomata,  556 

Cryptotoiht,  270,  308,  538;  pfu^mm, 
26x* 

CtenoboOnna  cUiala,  306*:  loadata,  468^ 

Ctenobranchia,  746 

CtenodofUa  gibbernia,  565*;  obliqua,  565* 

Ctenophora,  91,  xio,  ixx* 

Cuba,  Cretaceous  in,  696;  Eocene  of, 
787 ;  Jurassic  in,  645,  646,  647 ;  Oligo- 
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cene    in,    787;    Pabcocene    mountain 

chain  of,  783,  784 
Cucuttaa  concamenUa,  118* 
Cucumatia  crocea,  166* 
Culebra   formation,    >pj,     table    facing 

782 
Culm,  fossils  of  the,  461,  463^  471,  473*, 

474* 

Culm  measures,  15,  438,  461,  491 

Cuselian,  489* 

Cuttlefish,  127,  128*,  130,  748 

Cuvier,  George,  8,  S3f  54,  i'H).  779 

Cuyahoga  shale,  440,  444,  445 

Cyatkopkyttumt  417 ;  conaium,  4ig* 

Cycadales,  71 

Cycadeoidea  dacotensis,  741* 

Cycads.  71.  83*.  84*,  85*,  S4i.  542*; 
climate  indicated  by  occurrence  of, 
52;  Comanchean,  734,  741;  Jurassic, 
667,  741;  Mesozoic,  740,  741*;  Pa- 
leozoic, 71 ;  Triassic,  625,  641^  642* 

Cycadofilicales,  71,  84,  541 

Cycadofilices,  extinction  of,  740 

Cycas  revoluta,  83* 

CycMobus,  52s ;  stackii,  537* 

CyclopUris  obhtsa,  436* 

Cydora  minuta,  392*,  393 

Cyclcspira,  563 ;  bisukaia,  563* 

Cyclostomata,  556,  745 

Cymatoceras  eUgans,  735* 

Cymitaria  angtdaUit  426* 

Cynips,  154 

Cypraa  mawUiana,  125*  . 

Cypridae,  748 

Cypridea,  734 ',  wytmingetuis,  739* 

Cypridina  htrwtru  468* ;  subovata,  499* 

Cypridinidae,  S77.  748 

Cyprids,  Palaeozoic,  577 

Cypris,  144* 

Cyrtina  hamiUonensis,  425* 

Cyrtoceras,  131;  arcticamtraium,  365*; 
murchisonir  130*;  Pandion,  305* 

Cyrtoceras,    types,    131*;    evolution    of, 

569 
Cyrtograpius,  338,  357 ;  murchisoni  358* 
CyrtaiUes,  304;  omaius,  283,  285* 
CyskUa,  556* 
CystipkyUvm,  417,  554;    conifoUis,  419*; 

varians,  419* ;  vesicuiosum,  41 9* 
Cystodiciya  incisurata,  423* 
Cystoidea,    90,    i5S.    i57»    158*,     586; 

Ordovician,  307*,  308;    Silurian,  3x9*, 

369*,  370 


Cythere  moniicidaia,  739^ 
Cytkertat  117*,  S26  ;d4oite,  119* 
Cytkerdla  avaliformis,  468* 
Cytherellidc,  748 
Cytheridc,  748 
Cyikerideris  impress^,  739^ 

Dachstein,  Triassic  of  summit  ol,  638* 

DadyloidUes  asteroides,  338* 

Daciylometra  quinquecifra,  98* 

Damonelix,  43*,  44 

Dakota  sandstone,  686,  6Qt*,  693^,  694, 
69s;  flora  of,  734,  742,  743* 

Dahumellc,  303,  331;  degantmia^  320^ 
360;  tesiudinanc,  363,  364*,  560* 

Dalmanites,  363,  433;  caudaia,  366*1 
imbricaiula^  143*;  nasuinst  431^ 

Dalyia  racemata^  539* 

Dana,  James  D.,  portrait,  17* 

Danian,  685,  708,  784,  807 ;  fo68ils»  736* 

DamaSf  154 

Dann*s  Hill,  Schoharie,  New  York,  De- 
vonian section  at,  379*,  388* 

Dacndia,  640;  hmmdii,  634,  635^ 

Darwin,  Charles,  portrait,  60* 

Dasya  gibbesii,  77^ 

Datum  plane  for  measurement  of  geo- 
logical time,  180,  181 

DawsoHoceras,  363 ;  anmdaium,  364^ 

Dawson,  Sir  J.  W.,  portrait,  197*;  cited, 
198 

Doyia,  564;  fMWCuta,  563* 

Decadocrmus  pleias,  470* 

Decapoda,  145-148*;  Mesosoic,  748; 
Tertiary,  831,  833* 

Deccan  trap-sheet,  809 

Decewville  beds,  389* 

Deepkill  shales,  367,  295,  389*;  in  sec- 
tion, 371* 

Deer,  839,  843,  843,  846,  895 

Deer-moose,  900* 

Deformation  of  fossils,  46,  47*,  48* 

Degeneration  in  ammonites,  i36*-i38* 

Delaware  Mountain  series,  $18 

Delaware  Watergap,  Pem^ylvania,  sec- 
tion at,  330* 

Deltas,  glacial,  876* 

Delthyrium  in  brachiopods,  xi6* 

Dendroidea,  549,  553 

DenUtlium,  90;  eUphantinnm,  135^ 

Derbya,  493 ;  crassus,  494* 

Development  of  sutures  in  a^nmonitfis 
134,  135*.  136* 
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Dc  Verneiiil,  E.  P.,  17,  506 
Devil-fish,  127,  129*;  tee  Octopus 
Devil's  apron-string,  75*:  lee  laminaria 
Devil's  corkscrew,   43*,   44*;     tee  Da' 

moneiix 
Devon  (German),  16 

Devonian,  lo^  20,  373-437;  Ameri- 
can type  section  of,  30;  amphibia, 
435*1  436*,  596;  arthrodirca,  i68*; 
barnacles,  577*;  blastoids,  160*,  422, 
42g*,  430*;  brachiopods,  378*,  379*. 
380^,  38i*.  382*,  383*P  384*.  398*, 
422-425*,  557.  558*.  559*.  560*.  s6x*, 
563*;  Biyoxoa,  422,  423*;  cephalo- 
poda, 422,  428^  429*,  570*;  closing 
stages  of,  440,  441;  corals,  383  ^  4x7, 
4X9^  420^-422*;  crinoids,  422,  430*; 
crustaceans,  424,  433*;  earthquakes, 
394;  echinoderms,  422,  429*,  430;* 
English  type  section  of,  30;    eurypte- 

rids,  415.  424,  433*;  fi«b.  4i2*.  4*5. 
432,  434*,  435*,  443,  590;  gastropods, 
124 •,  125,  422,  427*;  goniatites,  396*, 
415,4x6;  graptolites,  417 ;  land  plants, 
436*,  437;  life  of,  4x7-437;  map  of 
outcrops  of,  in  North  America,  376*; 
nautibids,  131*;  ostracoderms,  167*, 
408*,  409*,  425.  434*.  591*.  592*;  ostra- 
cods,  424,  432*;  pabeogeographic  maps, 
403  •-407*,  410*,  411*;  pelecypods, 
384*.  387  *,  422»  425*.  426*,  565  •, 
566*;  phyllocarid  Crustacea,  147*; 
ptexopods,  567*;  restoration  of  por- 
tion of  sea-bottom  of  the,  547*,  570*; 
sponges,  4x7,  418*,  547*;  starfish, 
588*;  stxomatoporas,  4x7,  418*,  553*; 
system,  16;  trilobites,  384 ^  422,  431*; 
volcanicity,    416,    417;    worms,    424, 

432* 

Devonir,  20,  372;  tu  Devonian 

Devanique,  16 

Devonshire,  Graywacke  series  id,  is 

Dew-claws,  846,  853 

D'Halloy,  Omalius,  x8,  683 

Diabase,  Connecticut  Valley,  612;  Pali- 
sades of  Hudson,  6x2 

Diadema  texanum,  737* 

Diamond  Peak  quartaitr,  48s 

Diapkeromerat  153* 

Dias.  18:  see  Dyas 

Diatom  deposits,  Miocene,  79a* 

Diatoms,  74 

DibeMon,  861, 905 


Dibekxionts,  860,  861,  903,  905 
Dibranchiata,  90,  138,  139*,  748 
DkeUocepkaluSj  235,  350,  25a;    minnetO' 

tensis,  234* 
DictUograptus,    296;     diearicatut,    268*; 

sextans,  269* 
Dicellomus  pdUnt,  229*,  252 
Dicerast  670;  arietinnmt  119*,  661* 
Diceraiops,  77X 
Dickocrimis  iuamahit,  470* 
Dickograptut  keodi,   99*;    octohreMoimt, 

267  *,  5SO* 
Dicksonia  ptmciUohula,  8a* 
Dicranograpius  ramotut,  a68* 
Diclyonema,  4x7,  549;  -CeraUfpyge  period, 

248';  fiabeUiJorme,  254*,  548*;  /tir»- 

fenim,  548* ;  shales,  in  diagram,  296* 
Dictyospongidc,  547*,  548 
Didymoceras  newlani,  733*;  IotIimm,  733* 
Didymograpku,  550;  mmutust  99*;  mnt- 

ckisoni,    99*,     550*;     nUidus,     267*; 

Patulus,  267*;  penmUut,  551* 
Dielasma,    468;     bovident,    494*,     496; 

elongata,    562*;     Umamca,    496;     /nr- 

gidum,  465* 
Digger  wasp,  X54 

Digitigrade  mode  of  piogreaBion,  842 
Diluvium,  815* 
Dmelfodon,  601  ♦,  603,  751;   W«,  599*. 

600* 
Dimorphoceras  /rxafiiim,  498* 
Dimorphodon,  772;  macronyx,  771* 
Dinantian,  x7,  457*,  459,  460,  461,  486, 

49 X ;  fossils,  460*,  461* 
Dmickikys,  432,  593 ;  kertMtri,  41a* 
Dinictis,  852? 
Dinoceras,  838 
Dinomis,  892* 
Dinortkis   peOmdla,   560*;    ttAgmd/tatOt 

303* 
Dinosaurs,   170,   174,   755-771 ;    Coman- 

chean,    695,    736;     Cretaceous,    736; 

diagram    of    relative    sizes    of,    756*; 

extinction  of,  77  x;   Jurassic,  666,  679; 

Triassic,  64  x 
Dinotkerium  giganieum,  860* 
Diplocynodon  vicUfr,  777* 
Diplodocus,  736,  762*,  763;  long!US,  762* 
Diplograptus,   loo*,   263.   268,  550,  552; 

acuminaius,     269*;     foUaceus,     269*, 

55X*;     gracilis,    552*;    palmeus,   99*, 

551*;  quadrimucronatui,  282,  283*;  sk- 

ula  of,  552* 
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Diphmysius  denMus,  835^ 

Di^para,  639 ;  annulata,  634^ 

Dipnoans,  432,  435*,  593 

Dipnoi,  750 

Dipterus,  432,  593 ;  valencieitnesi,  435* 

Dificeratide,  746 

Diaconformities,  31 

Discosparsa  varians,  725* 

DisUphanus  roitmdus,  93* 

Dkygocrinus  euconus,  469* 

Dog,  841 

Dogger,   643,   644*,   645,   652,   659-660; 

fossils,     668♦-67o^     672*-67S*,    755*; 

ginkgo  from  the,  85* 
Dogtown  Common  moraine,  869* 
Dolickopterus  macrocheirus,  325* 
Dolomite  reefs  of  Tyrol,  633*,  634* 
Dolomites  of  Tyrol,  18,  634,  639 
Dolores    beds,    617,    618,    648;     Lower, 

618*,  61  q;  fossils  of  Lower,  619 
Dolphins,  861 
Domerian,  645 
Domes  and  basins,  formation  of  Palso- 

«)ic,  532,  533* 
Domes,  Palaeozoic,  erosion  of,  483 
Donetz  basin,  coal  beds  of,  489 
D'Orbigny,  Aldde,  643,  684 
Downlleiceras^mammiOare,  731* 
Dragon-flies,  Carbonic,  501 ;  Jurassic,  679 
Dreikanter,   225;    in  basal  sandstone  of 

Sweden,  184 ;  in  Torridon  sandstone,  201 
Drepanaspis  gemindensis,  591* 
Dresden,  section  near,  6*,  7* 
Driftless  area,  Wisconsin,  871 
DriUia  limaitUa,  830* 
Dromalherium  sUvestrCf  777^ 
Dromedary,  845 
Dnmilins,  865 
Dubois,  Eughie,  906 
Dugongs,  839 
Duluth  Lake,  874* 
Dumontia  filiJormiSt  76* 
Dunkard  series,  478,  483,  507,  516 
Durham,  England,  Magnesian  Limestone 

of,  10,  506,  514* 
Durness  limestone,  257;    cliffs  of,  295*; 

in  section,  296* 
Duvalia,  732;  dilaiatus,  735* 
Dwyka  conglomerate,  s^i,  S*i\  638 
Dyas,  S06,  507,  606 ;  see  also  Dias 

Earth,  origin  of,  on  nebular  hjrpothesis,  176, 
177 ;  on  planetesimal  hypothesis,  178, 179 


Earth  history,   beginnings  of,    173—175; 

pre-geological  stages  of,  176-179;    pre- 

Palsozoic  stages  of,  180-207 
FJ^«f^■m,   Massachusetts.  saod-Dl&iiis  of. 

878 

Ecc^iopkris  bMHemis,  304*;  jtiamgwhu, 
262* 

Eckidna,S$6 

Ednnobrissus  texatms,  737* 

Ednnocaris  punctata^  433^ 

EclttHCCorys  ovata,  737* 

EckinocysHst  588;  ^miimi,  589* 

Echinodennata,  90,  155-167;  <^4it»«**«t*'*, 
234;  Carbonic,  49Q*>  500*:  Coman- 
chean  and  Cretaceous,  732,  734,  737*» 
738*;  Devonian,  422, 429^  430* ;  Jims- 
sic,  675,  677*;  Mesozoic,  749;  Pakeo- 
zoic,  586-591 ;  Permian,  525 

Echinoidea,  90,  163-166 

Echinoids,  Carbonic,  499,  500*;  Cre- 
taceous, 732,  734.  737*;  Mesozoic, 
749;  Missiasippian,  471,  47»*»  59©; 
Ordovidan,  589*;  Pakeoaoic,  58^ 
590*;  Tertiary,  831.  833*.  «54*; 
Triassic,  641;  tee  aUo  Sea-urchins  and 
Echinodermata 

Eckmciampus,  831 ;  Ueim,  834^ 

Eckinospharites,  ^;  amraniimm,  307* 

Eckinostrobus  slombergi,  742* 

Echinozoa,  586,  588 

EckmuSt  163* 

Ecph&ra,  827 ;  tricostata,  830* 

Edapkoeeras  niotense,  572* 

Eden  group,  291 

Edgewise  congk>merate,  Beekmantoiwn,  271* 

Edwards  limestone,  dpi 

Egypt,  Cretaceous  in,   723;    Eocene  of, 
810,  81 1 ;  Paheocene  of,  808 

Eifel  dbtrict,  Germany,  Devonian  of,  374 

Eifdia  globosa,  544* 

Eighteen    Mile    Creek,    New   York   De- 
vonian section  at,  391*,  437* 

Ekka  beds,  s^i 

Ekeacrinus,    422;     degatu,    430^;     ver- 
neuiU,  i6o^  429* 

Elbe   River,    Cretaceous    erosion    monu- 
ments along,  720;  section  along,  4*,  5* 

Elbert  formation,  ostracoderms  of,  592 

Elephants,  839,  840,  866;   stages  in  evi>- 
lutbn  of,  859* ;  teeth  of,  859 

EUphas,  858 ;  primigemus,  904*,  905 

Elizabeth     Islands,    Massachusetts,    ter- 
minal moraine  in,  868*,  869,  871 
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Elkton  Lake,  874^ 

Ebtheres,  844* 

Elotkerium,  B44* 

Emarginula,  640;  mgosa,  125* 

EmeraldeUa  brocki,  580* 

Emmektoe  decora,  368* 

Emmons,  Ebenezer,  15,  359;  portndt, 
220* 

Empendor  limestone,  table  facing  782 

Emscherian,  685,  703i  7o8 

Encrimirus  puncUUm,  143* 

Encrmus,  $96,  641;  lUU/ormis,  632*, 
641 

Endoceran  group,  568 

Emioceras,  262,  569* 

EndoMms  specUMis,  467^ 

Endopackus,  824;  macUirii,  823* 

Endolkyra,  465,  545 ;  haUeyi,  462* 

England,  Cambrian  of,  241,  247,  249; 
Carbonic  .of,  487;  chalk  of,  683;  Cre- 
taceous of,  683;  Cretaceous  reptiles 
of,  773;  cross-section  of  Mesozoic  of, 
605*;  Eocene  of,  8I3^  814;  Jurassic 
flora  of,  741;  Jurasuc  in,  643,  6551 
658,  659,  665;  Liasdc  ammonites  of, 
134*;  Liassic  fossils  of,  771*;  Lower 
Cretaceous  of,  711,  713,  714;  map  of 
Celtic  tribes  of,  12^;  Mesozoic  of, 
604;  Mississippian  of,  456,  459*; 
Ordovician  of,  294,  296*,  298;  Per- 
mian of,  509,  513,  514;  Pabeocene  of, 
806;  SUurian  graptolite  shales  of, 
352;  Silurian  of,  354;  Triassic  of, 
627,  636;  Upper  Cretaceous  of,  715, 
716*,  717,  718;  WeaMen  fossils  of,  774 

Engoncceras,  732,  747;  kUli,  138*;  pier- 
denaU,  734* 

Eoochkin  f oimation,  6s3 

Enteieies,  493 ;  htmiplicata,  494* 

Entdodonts,  844* 

Entomis  madisonemis,  306*;    waidronm- 

fis,  367* 

Entomostraca,  90,  143-144 

Eoanthropus,  67 ;  dawsom,  908* 

EobasiUus,  839*;  ingeiu,  838* 

Eocene,  iq,  20,  780,  781,  787*  789*  800, 
801,  8x3,  table  facing  782 ;  continental, 
of  Utah,  797*;  corals,  823*,  824*; 
Crustacea,  832^;  echinoids,  831,  833*; 
folding  of,  794;  Foraminifera,  810*, 
81 X*,  821,  822*;  gastropods,  827*, 
828*,  829*;  horse,  851*;  life,  840, 
841,  843.  845,  850,  851,  858,  859.  862; 


mammals,  837 ^  838*,  839*;  of  Lon- 
don Basin,  10*;  paleogeographic  map 
of,  801*,  809*;  pelecypods,  825  ^  826; 
type  section  of,  29  ,*  worm  tubes,  140* 

Eocenic,  20,  781 ;  see  Eocene 

Eogene,  781 

Eokippus,  848*,  849,  850* 

Eolithic  stage,  883 

Eoliths,  9x2 

EoSrtkis  desmcpleura,  229* 

EophyUm,  231*,  234,  583 

Eoseorpius  carbonarius,  582* 

Eotamaria  supracmguhia,  304* 

EozQic,  Ot  20 

Eato9H,  538;  camadetue,  196*,  198 

Ep-Algomian  erosion  interval,  20,  194 

Ep-Ardueozoic  erosion  interval,  20,  194 

Epeiric  seas,  209,  210 

Ephemera,  X5x* 

Epiceraiodus  forsteri,  168*,  169* 

Epifnppus,  850 

Epiplankton,  70 

Epi-Proterosoic  erosion  interval,  20 

Epirrhiza  of  sponges,  95* 

EpisUmetta  cfaw^a,  667* 

Epitheca  in  corals,  104*,  744 

Equisetic,  71.  79*  504»  74i;  Comanchean, 
74  X ;  Jurassic,  667 ;  Mesocoic,  740 

Equisetwn  arvense,  79* 

Equus,  853,  900;  scoUi,  850*,  900 

Eras,  geok)gical,  19;  table  of,  20 

Erian  divisbn,  x5,  377 

Eryon  arcii/ormis,  676*;  propinguus, 
676* 

Erytone  lucina,  427*;  regnlaia,  427* 

Erzgebirge,  3 

Escamela  limestones,  603 

Eskers,  865 

Esopus,  377*.  389* 

Esopus-Schoharie  series,  381,  389,  404 

Eitkeria,  X43,  575.  611,  637,  641,  653, 
748;  membranacea,  433^;  mimUa, 
I44*»  63s ;  ortoni,  soo* 

Estkerielia,  748 

Esthonia,  section  through,  311* 

Etchegoin  forxnation,  table  facing  782 

Etcheminian,  23Q 

EUmopkyiium  profundHm,  227* 

Etroeungtian,  459*,  460;  transgression, 
462 

EubUptus  danidH,  584^ 

Emcanms  ovalis,  584* 

Eucalyptocrmus,  370;  erassus,  369* 
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Euoeratosa,  gz 

Euconespira  tutbin^ortms,  4g6* 

EmmcUes  avUus,  141* 

Euompkahpieris    dara,    362^;     wOenus, 

Euom^ialus,  4fff ;  caUUoides,  $26*  \  pemo- 
dosus,  496*;  plamdorsaiust  466*;  xmm- 
/ir,  466^ ;  stibguadrahu,  496^ 

EuPQckycrinus  mooresi,  499* 

Enphtmus  carbonanus,  496*;  nottociaff- 
iM/tif,  496* 

Eureka  district,  Nevada,  Peon^yivaiuan 
of,  485 

Eurdca  shale,  445 

Europe,  Cretaceous  of,  710-723 ;  ear|7  Ter- 
tiary evolution  of  maininals  in,  840;  Eo- 
cene and  OUgocene  of,  810^x5 ;  human 
culture  stages  of,  882,  883 ;  Jurassic  of, 
654-666;  mapof  mid-Oiigoceneof,8i2*; 
map  of  Palsocene  of,  806*;  mi^  of 
Plebtocene  ice-sheet  of,  881*;  Neo- 
gene  of,  816-^20;  northern,  basin  of 
deposition,  626;  older  Tertiary  de- 
posits of,  804-815;  Ordovidan  of, 
294-300;  Ordovidan  section  across 
northern,  296*;  pabeogeognphic  map 
of  Palsocene  of,  805*;  Paleozoic 
foldings  in,  534,  535;  Permian  of, 
507^516;  Pliocene  map  of,  819*; 
Quaternary  of,  882-885;  Silurian  of, 
350^357;  sections  across,  showing  geo- 
Omdines,  215*;  Tertiary  land  masses 
of,  805 ;  Tertiary  of,  table  facing  782 ; 
Triassic  of,  625-638;  Quatemaiy  of, 
882-885 

Europe  and  Asia,  Carbonic  of,  486-492; 
Devonian  qf,  412-416;  Lower  Car- 
boniferous of,  456-462 

EwychUina  reticulata,  306^ 

Eurypterids,  350;  Cambrian,  235;  Car- 
bonic, 499;  Devonian,  415,  424,  433*; 
Osdovidan,  308;  Silurian,  331,  354, 
363.  368*,  592 

Euryptenu,  188,  324;  laaukis,  325*; 
maria,  368*;  pittsfordensis,  368*;  re- 
mipes,  14&* 

Euryskmum  wagleri,  68x* 

Eusuchia,  755 

Eutaw  formation,  703,  705,  708 

Eutrepkoceras  iekayi,  735* 

Eulrochocrinus  ckrisfyi,  469^ 

EvacUnopora  grandis,  464*;  fodiala, 
464* 


Exogyra,  697,  705,  727;  arieUna,  693; 
costata,  706*,  708*;  ponderosa,  706^; 
texana,  6q3* 

Evolution,  doctrine,  of,  54,  62;  histori- 
cal record  of,  53-62 ;  of  Nautilus  type, 
130-132 ;  shown  by  foBsOs,  53-62 

Eyes  of  trilobites,  142* 

Fades,  48;  fossils,  48 

Pagus  polyclada,  743* 

Falls  of  the  Ohio,  Silurian  at,  3x2,  335 

Paltifusus  meyeri,  828* 

Families  of  oiganisms,  64,  69 

Fauna,  fossil,  49 

Faunal  provinces,  Cambrian,  228,  229 

Faunas,  cosmopolitan,  50;  provincial,  50 

PavoiiUs,  xo4*,  xo6,  321.  357,  381,  4*2. 
465,  554;  favosus,  3«>*;  niuOa,  4ai*; 
tuberosus,  421* 

Fayum  district,  Africa,  OUgocene  of,  859 

Fefif,  841 

Penestdla,  523,  556;  ceslnenns,  464*; 
emaciata,  423*;  reliformis,  ii2\  524^ 

Fend  horses,  853 

Femie  shales,  632 

Ferns,  79,  82*,  83*,  541 ;  Caifaonic,  soa*, 

'503*;    Cbmanchean,  734,  741;    Juiaa- 

sic,   667;     Mesocoic,   740,    741;    Bila- 

sissippian,  471.  473*,  474*;    Pcnnian, 

529;  Triassic,  641  ^  642*,  741 

Fibula,  849 ;  in  camels,  846 

Piaih  reticulata,  829^ 

FiUde,  71 

PUifascigera  megara,  725^ 

Fin-back  liaards,  599^-601^;  5ee  Pds^oo- 
sauria 

Finger-Lakes,  877 

Finger-Lake  Valleys,  origin  of,  873 

Finist^re,  France,  Oxdovidan  and  Si- 
lurian volcanoes  of,  356^ 

Finland,  pre-Cambrian  of,  203*,  204; 
section  through  Gulf  of,  31  x^ 

Fir  tree,  71,  88* 

Fishes,  Carbonic,   501;   Cretaoeoua,  750; 

Devonian,  412*.  425,  432,  434*.  435*. 
443;  fossil,  274;  Jurassic,  666,  679*, 
750;  Liasdc,  750;  Mesozdc,  749, 
750;  Mississippian,  471,  473*;  Pa- 
laeozoic, 590-595*;  Permian,  512^ 
513*.  525;  Silurian,  370;  Tertiary, 
835*;  Triassic,  610,  641,  649,  750 

Pissurella  listeri,  125* 

PlabeUum  eme^orme,  824^;  ImM,  824* 
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FlagdIaUe,  71 

Fledbilia,  586 

Flonip  fosail,  49 

Floras,  cosmopolitan,  50;  pKOvindal, 
so 

Fbrida,  Ptiocene  in,  788 

FloriaBant.  Cobiado,  insects  in  Bfiooe&e 
lake  beds  of,  831,  S33* 

PlotMgebirge,  j,  4*.  S\  6\  9, 604, 605 

Flowexing  plants*  se$  Phanerogamous 
plants 

Flowerless  plants*  100  Cryptogamous 
plants 

Floyd  shale,  454 

Flysch  formation,  720,  81  a;  fucoids  of 
the,  73* 

Foot,  in  gastropods,  I2o^  lax*,  lia*;  in 
pdecypods,  116, 117* 

Foot-prints,  as  fossils,  30;  in  Triassic 
sandstone  of  Connecticut  and  New 
JersQT,  39.  40* 

Foraminifera,  91,  92,  93,  323;  Gmum- 
chean,  723;  Carbonic,  489*,  490*, 
492;  Cretaceous,  735;  Eocene,  8io^ 
811*;  Miocene,  792;  Mississippian, 
462*;  Oligocene,  790*;  Permian,  533; 
Tertiary,  821-833 

Porhesioenmu  wortkeiti,  469^ 

Foreman  formation,  652,  6s3 

Formation  map,  32-24;  see  Geological 
maps 

Formations^  i;  classification  of,  9;  con- 
tinuity of,  30;  systems  of,  2;  uni- 
versal, 7 

Forrestian  interglacial  stages,  883 

Fort  Apache  region,  Arizona,  Pennayl- 
vanian  beds  of,  485 

Fort  Casstn  division  of  Beekmantown, 
261 

Fort  Payne  chert,  454 

Fort  Pierre  shales,  700 :  see  Picnre 

Fort  Union  beds,  table  ftudag  78a 

Fossil  burrows,  39,  43;  casts,  38;  cop- 
rolites,  46;  faunas^  40;  flona,  49; 
foot-prints,  39;  trails,  39,  4a 

Fossils,  32;  actual  remains  as,  33;  as 
indicators  of  climate,  53;  as  indicators 
of  type  of  sedimentation,  51,  $2;  as 
the  historical  record  of  organic  evolu- 
tion, 53;  deformation  of,  46;  effects 
of  stlidfication  of,  36;  fades,  48;  in- 
der,  4S;  mode  of  preservation  of,  32 ; 
icplaoement  of  by  minerals,  37 ;  special 


cases  of  preservation  of  vertebrates  as, 
37;  types  of,  ss-A^'f  vae  of,  in  corre- 
lation, 31 

Fountain  series,  484 

Foxes,  841,  893.  89s 

Fox  Hill  group,  686,  703*;  fossils  of, 
7oi^,  702.  703* 

France,  Carbonic  of,  488*;  Carbonic 
ostracod  of,  14s*;  Carboniferous  Lime- 
stone of,  456;  Cretaceoiis  of,  684; 
Eocene  of,  8I0^  812 ;  Gault  ammonites 
of,  135 ;  Jurassic  of,  643,  655,  659, 
660,  665;  Lower  Cretaceous  of,  7x2, 
714;  Mississippian  of,  460;  Paheo- 
cene  of,  806,  807 ;  Upper  Cretaceous  of, 

717*.  7x8 

Franconian,  608 

Franken  dolomite,  66a^ 

Frankfort  shales,  260,  283,  391;  In  sec- 
tion, 279* 

Fredericksburg  limestone,  686,  687;  fos- 
sils of,  690*.  693 *,  734*1  737* 

Fresh-water  gastropods,  52*;  Triassic 
faunas,  641 

Frog,  life  history  of,  170* 

Frogs,  x68;  development  of ,  597 

Frustules  of  diatoms,  37* 

Ftichsd,  George  Christian,  3t  4t  6,  605 

Fucoides  grapkica,  393* 

Fucoids,  73*.  74,  54© 

Pticus,  74,  75 ;  teskidosus,  66^ 

Fundamental  gneiss,  ol  Finland,  203; 
of  Scotland,  201 

Fungi.  7x,  73.  78 

FuHgia,  X09;  saUaHa,  105*,  xo6* 

Furfooz-Grenelle  race,  920 

Fusulina,  490*,  49*,  5«3,  S4S.  833;  «r 
Undrica,  489* 

Fusus,  57,  60,  837;  asper,  59%  838*; 
adus,  125*;  hngifostriSf  828^ 

Gailenreuth  cavern,  Frsnconia,  895* 

Galena  group,  291,  292 

Gakohriat  X40* 

Galesaurus  phmups,  603* 

Galgenberget  section,  354* 

Gangamopteris,  520,  521,  522 

Gaimister  group,  487 

Ganoids,  432,  435*;  actinopteiygian, 
594>  595;  Carbonic  501;  crosooptery- 
gian,  594,  595,  596,  7So;  Jurasak, 
679*;  Triassic,  6xo^  641,  749 

Gansvick  sandstone,  35a*,  353* 
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Gardeau  beds.  395* 

Gar-pike,  595 

Ga^,  Devonian  of,  40a,  408;  HeMer- 
berg  series  at,  386;  Oriskanian  at, 
389;  sandstones,  ostracoderma  of,  592 

Gastnoceras  carbonarium,  498* 

Gastroliths,  46^  764 

Gastropoda,  90,  120-125;  Carbonic, 
496*.  497*;  Comanchean  and  Cre- 
taceous, 729;  Devonian,  422,  427^; 
Jurassic,  670^  671;  Mesosoic,  746; 
Mississippian,  466*,  468;  Ordovidan, 
262*,  263*,  270*,  285*,  292*,  303,  304*; 
orientation  of  shell  of,  122* ;  Palsozoic, 
566,  567 ;  Permian,  525,  526* ;  recapitu- 
lation of  characters  in,  57,  59* ;  surface 
features  of  shell  of,  i2x,  X22*-X25*;  Silu- 
rian, 362*,  363*;  Tertiary,  827 ♦-83i*; 
Triassic,  640 

Gatun  formation,  ^qz;  table  facing  782 

Gault,  !©♦,  II,  604,  60s,  683»  685,  715; 
fossils,  729*,  730*,  731* 

Geinitz,  Hans  B.,  506 

Genesee  Goige^  Portage  shales  in,  394*, 

395* 
Genesee]  River,  New  York,  gladal  valleys, 

877 ;  section  in  banks  of,  at  Rochester, 

3ai* 
Genesee  shale,  377,  389*,  398;   origin  of, 

409;    rdation  of,  to  TuOy  limestone^ 

400^ 
Genesee  valley,  Naples  fauna  of,  50* 
Genetic  series,  60 
Geitnaocnnus  carinatus,  430* 
Genundewa  limestone^  39X*>  437^ 
Genus,  64,  68 
Geodes,  formation  of,  37 
Geotogical  hbtory  of  the  earth,  beginnings 

of>    173;     developmental    periods    of, 

173-175 

Geotogical  maps,  oobrs  used  in  making, 
3I-2S;  of  formations,  22-24;  of  sys- 
tems, 22-23;  reading  of,  22;  scale  of, 
22;  types  of,  21 

Geological  sections,  exaggeration  of  verti- 
cal scale  in,  26*;  types  of,  25 

Geological  Survey  of  New  York  State, 
establishment  of,  15 

Geological  systems,  2 

Geological  time,  datum  plane  fm  meas- 
urement of,  180,  181 

Georgia,  Eocene  of,  787 

Georgian,  236*,  2^;  Bayf  origin  of,  873 


Geo^yndine,  Andean,  462;  An^^Baltic, 
230;  Colorado,  6i6%  619^;  Neooor- 
dilleran,  616*;  post-Appalachian,  533, 
693,  694;  Triassic,  in  eastern  North 
America,  609 ;  West  Coast,  Comanchean 
and  Cretaceous  of,  708-710 

Geosyndines,  American,  213*;  Asiatic, 
216*;  European,  215*;  map  of  Pia- 
heozoic,  211*,  215*,  216*;  migratioa 
of,  615*,  680,  681,  784*  816*;  Paleo- 
zoic, 210;  Tertiary,  of  Europe  and 
Asia,  811,  812 

Gepkyrocens  inhmescetu,  58 

Ceralinma  carbonaria,  s8a^ 

Germany,  Carbonic  of,  488,  489*;  Cre- 
taceous of,  683 ;  Devonian  of,  374t  41 2» 
413^;  Devonian  artlumlires  of,  593^; 
Devonian  ostiacoderms  of,  591*;  Juras- 
sic of,  643,  644^  655-^4,  666 ;  Jurassic 
worm  tubes  of,  140%  141*;  Lower  Cre- 
taceous of,  712,  7x4;  llliooene  of,  815*; 
Oligoccne  of,  8x4^;  Faleooene  of, 
806;  Permian  of,  506,  509-5131  5i5» 
516;  three-fold  division  of  Triassic  in, 
605,  606;  Triassic  of,  627,  630,  631  ^ 
632;  Wealdenof,  712 

Gemlleia,  632,  640;  eeratopkaga,  525*; 
socialist  6si* 

Gibraltar,  Rock  of,  Jurassic  of,  666^; 
Straits  of,  formation  of,  820 

Gigandipus  caudalus,  756* 

GigantosMtrus,  764 

Ginkgo,  7i»  84,  85*:  hUeba,  85*:  Co- 
manchean, 741;  kuUoni,  85*;  Jurassic, 

741 
Ginkgoaks,  71 
Giraffes,  839,  842,  843,  846 
Girvandla,  370 
Glabella  in  trilobites,  142* 
Glacial  deltas,  865;    deposits,  types  of, 

864-866;    eskeiB,    865;     kames,    865; 

moraine  of  Norway,  206*,  207 ;  Period, 

Connecticut  Valley  region  during,  614* ; 
/    striae,  205 •,  206^ 
Glidation,  cause  of,  885-891;  extent  of, 

in   North   America,    867-873;    Lower 

Algonkian,  192 
Glasgow,  Scotland,  Cartxmic  tree  trunks 

in,  504*.  505* 
Glassia  obovata,  114* 
Glaucoma  coalvilknns,  739* 
Glen  FaUs  limestone^  in  section,   29/f\ 

289* 
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Glen  Rose  limestone,  689^  691;   fossfls 

of  the,  690* 
Gkbigerina,  542 ;  ooze,  718 
Gk>iy  Hole  section  near  Rondout,  New 

York,  327* 
Gossograpku  quadrimucronalus,  aSa,  283^ 
Giosso^Uris,   $22,   539,   740;    brewniana, 

Sai*;  flora,  521,  522,  529,  740,  741 
dycmerit,  826;  idonea,  825* 
dyptocfinus,  308;  decadaciyluSt  307* 
dypkfdon,  88x,  896;  retumhius,  897^ 
Gnetaks,  71 
Goats,  842,  843.  846 
dmiiwceras,  363.  4^8*;  amphora,  428*; 

Aerseri,  365*;    h^iU*   4^8*;    5e^l0m, 

365* 
CompkocystUes  glens,  3<^* 
Gonangia  of  graptoUtes,  100* 
Gondwana  dora,  529 ;  land,  529 
Goniastrea  pecHnata,  107^ 
GomatUes,  56.   133*  573;    diadema,  s%^\ 

mtumescens,    396*;     foUUorim,     132*; 

siriatiu,  467* 
Goniatites,    Caitwnic,    498*;    derivation 

of,    747;     Devonian,    3Q4f    3QS.    396*, 

415,    4x6;     in    Sherburne    sandstone, 

393*;  Mississippian,  467*.  4^8 
Goniatite  stage  in  ammonites,  56 
Goniatite  type  of  suture,  132*,  133,  573 
Goniobasis  cUbumi,  739*;   comexa,  739*; 

fjebraseensiSf  739* 
Gomoceras,  282 ;  anceps,  281^ 
Gomatoboceras  wellerif  498* 
Gomophofa   chtmungensis,    426*;    dMa, 

350* 
GomopkyUmm,  i6o;  pyfnmidaU,  3S9* 
Goose  bamade,  146*;  see  Upas 
Gargama,  109 

Gorgonacephalus  agassmi,  161* 
Gosau  gorge,   Germany,   Cretaceous  of, 

722* 

Gosport  sand,  tabk  facing  783 

Gotland,  section  through,  311^;  Silurian 
in,  311;  Silurian  coral  reefs  of,  350, 
351*;  Silurian  sections  on,  352*,  353  *> 

354*»  371* 

Gotlandian,  29, 35a ;  time,  map  of,  355* 

GroffMiyfia,  422 ;  bisuUaia,  426* 

Granaiocnmis  norwoodi,  471* 

Grand  Caf&on  region,  Jurassic  of,  648; 
Penn^hranian^of,  484;  Tonto  sand- 
stone of,  252* 

Gi»ikd  Cafton  series,  189-190* 


Graptolite  cobny,  100* 

Graptdites,  gi,  99*  375*  a76;  as  hidex 
fossils,  49;  Devonian,  417;  evolu- 
tion of,  S49*-552*;  Ordovidan,  266 •, 
267*,  268*,  269*,  283*,  290,  291*,  29s, 
301.  549*-5Si*;  Paleozoic,  S49*-S5a*; 
preservation  of,  35 ;  Silurian,  318*,  338^ 
352,  357,  358* ;  types  of,  99* 

Gxaptolitoidea,  549,  552 

Graptozoa,  91 ;  see  GraptoUtes 

Graidoupia  vregtUaris,  119* 

Grauwackes,  218 

Graywacke  series,  10,  11, 13-16,  218,  256 

Great  Basin  region,  origin  of,  785;  Pkis^ 
tocene  lakes  of,  878* 

Great  BriUin,  Coal-measures  of,  438; 
Mississippian  vokanism  in,  458* 

Great  Deluge,  record  of,  6 

Great  Lakes,  development  of,  873*- 
876* 

Great  Pyramid  of  Gizeh,  Nummulite 
limestone  in,  810 

Greece,  Triaasic  of,  630, 638 

Green  algae,  71 ;  see  Algae 

Greenbrier  limestone,  440,  453^ 

Greenhorn  limestone,  698* 

Greenhmd,  Cretaceous  fossik  of,  700; 
ice<ap,  873 ;  Triassic  of,  622 

Green  River  shaks,  798*,  Uble  fadng  782 ; 

fossilsof,  82I*,  835* 
Greensands,  the.  10*,  xx,  604,  683,  713 
Grendle  race,  883,  9x9,  93o 
Grenville    quaxtzite,    contact    of,    with 

Potsdam  sandstone,  x82* 
Grenville    series,    194*,    '9^»    '97,    i99; 

fossils  of,  T96*,  T97,  198,  538 
Greyson  shale,  x88 
GriffUkides,  498;  scUvlus,  499* 
Grimaldi  Grottos,  915:    nce>  883,   9i4» 

9x5 
Griquatown  series,  205 

Grotte^  tripolite  of,  93* 

Ground  sbths.   Pleistocene,  895^  896** 

897*,  921 

Gryphta,  727;  «r«kito,  669*;  cakeeia, 
652;  convexa,  706*;  corrugaia,  69a, 
693*;  kiUi,  692;  marcom,  693*» 
mucronata,  693*;  mutabiUs,  706*; 
fMVM,  693*;  nebraskensis,  652;  new- 
Jerryi, ,  706* ;  vesiaildris,  7o6*,  707; 
washUaensis,  693* 

Guadakupian  group,  3^7,  5'*/  *»""*  ^» 
518,  5x9.  525 
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Guard,  the,  in  bdemnites,  138, 139* 
Guelph  dolomite,  314,  315*.  322;   fossils 

of,  362',  36s* 
Gulf  Coast  geosyndine,  G>manchean  of, 

687-693;      Cretaceous     of,     695-703; 

PaUcocene   folding   of   strata   of,   783, 

784 

Gulf  Coast  region,  marine  Jurassic  of, 
645-648;  section  of  Cretaceous  of,  705^; 
Tertiary,  786-788,  Uble  facing  782 

Gilnzian,  883 

Gymnosperms,  7z,  84;  Mesozoic,  740 

Gypidula  coeymanetuis,  378*,  379;  pseudo- 
gakaia,  370.  380* 

Gypsum,  Eocene,  8x4 ^  8x5;  in  Ordo- 
vidan  of  Irkutsk,  299;  Jurassic,  648, 
650;  Middle  Mississippian,  451;  Oli- 
gocene,  812;  Paris  Basin,  8x2;  Penn- 
sylvanian,  484;  Permian,  5x6;  Sali- 
nan,  340-344;  Tertiary,  796*,  8x9; 
Triassic,  628* 

Gyroceras  aiaium,  X3X*;  cyclops,  438*; 
okioense,  428*;  types,  X3X*;  types,  evo- 
lution of,  569 

GyropkUbia  hmgkoUis,  584* 

Hadentomum  americamum,  584* 

Haeckel,  Ernest,  55 ;  portrait,  54* 

Halimeda,  74;  tuna,  73* 

ffaliotis  tuberculata,  120*,  125* 

Hall,  James,  3x0;  portrait,  x5* 

HallsUtt  culture  stage,  883 ;  Triassic  salt 
of,  630 

Halobia,  640 

Halysiocrinus  hradleyi,  470* 

Halysites,  321,  327.  360,  554 

Hamilton,  377*,  383,  385*.  308;  Asiatic 
fauna,  447;  beds,  erosion  of,  399;  de- 
velopment of  fauna  of,  405 ;  fauna,  447 ; 
fossils  of,  384*,  4x8*,  419*,  420*,  42X*, 
423*,  424*,  426*,  427,  430*.  431* 

HamOton-Portage  beds,  fossils  of,  557* 

HamiUs,  73X ;  obsirictus,  733* 

Hampshire  basin  Tertiariea,  779 

Haplocrinus  clio,  430*   ' 

HapsiphyUum,  465 

Hanford  Brook,  New  Brunswick,  Cam- 
brian of,  240* 

Hanging  moss,  79;  see  Usnea 

Hardgrave  sandstone,  652,  633 

Harding  sandstone,  ostracoderm  remains, 
in.  591 

Hardiston  sandstone,  238,  373 


Hard  structures  preserved  aa  fosals,  35- 

37 
Harpacioatrcinus  punctahu,  832^ 
Harpaius,  X52* 
Bar  pes  viiUUus,  X42* 
Harpoceras  htfrons,  672^ 
Harz  Mountains,  3 
Harvest  fly,  X54 
Hatchetigbee     formation,     table     faciiis 

782 
Haiteria,  X70;  punctata,  751* 
Hattiesburg  day,  table  fadng  782 
Haupt  dolomite,  637* 
Hauterivian,    685,    7x2;     fossils,     728*, 

729 
Hawaiian  Islands,  51 
Hebertdia  alveata,  560* 
Hederelia  canadensis,  423* 
Hedgehogs,  836 
Hddelberg     man,    883,    907-'9o8;     race, 

9x2 
BdcioneUa,  234;  rugosa,  230* 
Helderberg-Catskill      Devonian     sectkn, 

377  •-386;    analysis  of,  386-389 
Hdderberg  escarpment,  378 
Helderbeig  fauna,  origin  of >  402 
Helderbergian   division,    324,    377;     fos- 
sils, 431* 
Heldrungen,   Thurxngia,   Triassic   section 

at,  63X* 
Pelicaneydus  ttQuicostatus,  733* 
Helicoceras,  700;  stevensoni,  733* 
Hdicopkanta,  i2t* 
Hdicotama  tennesseensis,  304* 
HeUolites  inlerstinctus,  358* 
HdiopkyUum,  417';  canftuens,  420*;  katti, 

68,  419* 
Heliopora  cttndea,  108* 
Helix,   5x^    125,    126*,    8x4;    albaiabris, 

Hdv6tian  intergladal  stage,  883 

Hemiaspis,  579 

Hemiaster  meslei,  166*;   pairastaius,  737*; 

texanus,  737* 
Hemicidans  crenuiaris,  163* 
Hemitrypa  proutona,  464* 
Hepaticae,  7x 

Hercoglossa  danica,  732,  736* 
Herculaneum  as  fossil  dty,  45 
HercyneUa,  567 ;  bohemica,  363* 
Hermosa  formation,  484 
Besperomis,    736,    776;     regaiis,    775  •; 

tooth,  776* 
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EettfouraSt  137,  731;  mwahUis,  138*; 
newUmi,  733*;  nippomies,  138*;  tor- 
Um,  733* 

Heteropegma  noduS'gordii,  gs* 

Hekrosttgina,  823 

Hettangian»  645 

HezactinellicUe,  91,  548,  744;  Jurassic. 
667* 

Bexameroceras  heneri,  365* 

Hexapoda,  90,  IS4 

HexasepUta,  91,  105*,  109,  744.  74S*: 
see  Corals  and  Anthozoa 

High  Falls  shale,  314,  330*,  347 

Highlands  of  Scotland,  Devonian  over- 
thrusts  of,  4x7;  Lewisian  gneiss  of, 
30X,    302*;     Torridon    sandstone    of, 

201,  202*  ' 

Highlands    of    the    Hudson,    Cambrian 

basal  sandstone  in,  238 
HUdoceras,  671;  bifrons,  47*,  672* 
Hill,  R.  T..  10 
Hib  formation,  684 
Himalaya  Mountains,  Triassic  of,  607*, 

623,  638 
Hinchman  tuff,  652,  6$ 3 
Bindia,  548 

Hinge  areas  in  braduopods,  114*,  116* 
Hinton  shale,  453* 
Bipparumyx  proximus,  381,  382* 
Bippidium,  850*,  853 
Bippobosca,  153* 
Hippopotamuses,  842,  843,  845 
Hippurite  limestone,  721* 
Bippurites,    697,    723,    729;     cffnm-vac- 

cinum,  720*;  toueasiana,  720* 
Hippuritidse,  746 

Hoburgen,  Gotland,  sections  at,  353*,  354* 
Holdfast  of  algs,  75 
BoUctypus  pianatus,  737* 
Bollina  radiata,  499* 
Bolmia,     23$;     brdggeri,    23^*;     fauna, 

239,  242;  kjendfi,  233* 
Holocene,    19,    20,    864,    866;    deposits, 

879;  interior  continental  deposits,  880; 

loess  of  Mississippi  Valley,  881 
Holocenic,  19,  20 ;  see  Holocene 
BolockoaniteSt  568 
Bolocystites  altematus,  369* 
Holoplankton,  69*,  70 
Bohpiyckius,  429,  594;  ftamingit  434^ 
Holothurians,   Cambrian,   234,   243,   589, 

590*;  Paleozoic,  589,  590* 
Holothuroidea,  90,  166*,  167* 


Holyoke  diabase,  61  x 

Bdtenia  carpefUeri^  94* 

Holzmaden,    Liassic    saurians   of,  656^ 

657*.  658*.  7Sa 
Bomalonohu,  422;  dekayi,  431^ 
Bomo,  67;    dawsanif  910;    dUuvU  tesHs, 

169*;  keidelbergensis,    67,    907;  keidel' 

bergensis,  bwer  jaw,  908*;   neanderthal- 

ensis,  67,  910;    sapiens  var.  auHgnacen- 

sis,  914 
BonuBospira,  337;  evax,  361*,  563* 
Bomoihdus  fossUis,  584* 
Honduras,  Palcocene  folding  in,  783 
BopUtes,  709,  731;   noricus,  729*;   liffter- 

cuhUuSf  729* 
Boplockelys  elongata,  835* 
Bormotoma  desiderata,  427*;  maia,  427^; 

Irenlonensis,  304* 
Horns  in  rummants,  formation  of,  846 
Homy  sponges,  91 
Horse  fly,  154 
Horses,   839,    847,    866;    Eocene,   851*; 

evolution    of,    diagrams,    849*,    850*; 

Oligocene,     852*;      Pabeocene,     851*; 

Pleistocene,  895,  900, 901 ;  Pliocene,  853 
Horseshoe   crab,    150*;    Jurassic,    662*; 

Mesoioic,  748 ;  see  Ltmnius 
Horseshoe    Falls,    Niagara,    section    of, 

324* 
Horsetails,  71,  79,  80,  504;    see  Equise- 

turn 
Horsetown   beds,    709,    710;    foasib   of, 

730* 
Horton  series,  443 
Hosselkus  limestone,  624 
House  Range,  Utah,  Cambrian  of,  245^, 

252* 
Hoy,  Orkney  Isbuids,  Devonian  volcano 

of,  417* 

Hoyt  limestone,  261  * 

Hudson  Bay,  SOurian,  312* 

Hudson  River  bluestone,  383 

Hudson  River  series,  28Q,  326*,  377, 
531;  in  section,  221*;  unconformity 
of  overlying  beds  with,  326*,  329*, 
330*,  331*;  unconformity  of  Shawan- 
gunk  conglomerate  with,  293* 

Hueco  fonnation,  518 

Huerfano  beds,  table  facing  782 

Bugkmilleria  shawangunk,  368*;  sociaUs, 
368* 

Humboldt,  Alexander  von,  18,  643 

Humboldt  Range,  Nevada,  Jurassic  of,  6sa 
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Hungarian  basin,  8ii,  813,  817;  Mio- 
cene fresh-water  lakes  of,  819 

BungartteSf  633 

Hunstanton  Red  Rock,  7x8* 

Huionian,  30,  185*,  jgj,  194,  198;  tilUte, 
193,  X93»  198 

Huronic,  so;  su  Huronian 

Hustedia  mormoni,  494* 

Huxley,  Thomas  Henry,  63 ;  portrait,  61* ; 
quoted,  911 

Hyatt,  Alpheus,  portrait,  5$*;  Triassic 
studies  by,  606 

Hyattidina  congesta,  360* 

Eybodypeus  gibberulus,  165* 

Bydnoceras  tuberosum^  418*,  547* 

Hydra,  97 ;  viridis,  96* 

Bydractinia,  xoo;  eckiuala,  xoo*;  in- 
crustans,  loi* 

HydrocoralUnae,  91 

Hydroid,  diagram  of,  97* 

Hydroids,  96 

Hydromedusae,  91 

Hydrospire  in  blastoids,  types  of,  159* 

Hydrothece,  in  graptolites,  99*;  of 
modem  hydrosoana,  97* 

ByUBobiUrackus,  750 

Hymenocaris  perfectat  576*,  577* 

HyoliikeUus  micans,  330* 

ByoUthes,  90,  334;  biiUngti,  330*;  com- 
munis, 330*;  impar,  330*;  princeps, 
330* 

Hyolithids,  567,  746 

Hyparion,  853 

Hypokippus,  850* 

Hypoparia,  574 

H3rpostoma  in  trilobites,  141,  143* 

Eypotkyris  cuboides,  393,  398* 

Byracodon,  856* 

Hyracodonts,  847,  857,  858 

Byracoikerium,  848 

Iberian  land  mass,  Tertiary,  804 

Ice  Age,  Quaternary,  864 

Ice-sheet,  European,  885*;  Pleistocene, 
map  of,  891*;  Quaternary,  869,  871, 
873*;    waning   stages   of   Quaternary, 

873-879 

tchtkyocrinus,  370 

Ichtkyamis,  736,  773*;  victor,  776* 

Ichthyosaurs,  170,  752.  753*;  Creta- 
ceous, 736;  Jurassic,  653 

Ichthyosaurus,  655,  658*,  679*  753*; 
quadriscissus,  753^ 


Idaho,  Permian  phosphate  beds  of,  51S; 

Triassic  of,  630 
Idoceras  sotdoi,  674* 
IdoUa,  145 

Igneous  rocks,  i ;  Triassic,  611 
Igoceras  conicum,  437* 
JguanodoH,    767;     bemissarteiuis,    765*; 

tooth,  765* 
Iguanodonts,  766* 
IlUtnus,  363 ;  ioxus,  366* 
lUinoian  glacial  stage,  866 
Illinois,  Carbonic  fossils  of,  578*,  582* 
Imperforata,  93  ^  pj 
Impressed    zone    in    cephalopoda,     131, 

13a*,  569 

Impressions  of  organisms  as  fooils-  55,  34 

Inadunata,  586 

Index  fossils,  48 

India,  Cambrian  faunal  province  of,  331 ; 
Cambrian  of,  330,  354,  35$;  Jurassic 
in,  667;  Miocene  in,  819;  Paljeocene 
lavas  of,  809;  Permian  tillite  of,  530 

Indiana,  Knobstone  of,  445;  Pennsyl- 
vanian  in,  477,  478* ;  Silurian  of,  335 

Indian  Ladder,  New  York,  section  at, 
330* 

Indian  Ocean,  Miocene,  818 ;  Tertiary, 
8o8*,  809* 

Inheritance  of  acquired  characters,  54 

Inoceramus  brongniarti,  4,  737*;  cmvini, 
737*;  deformis,  699*,  700;  dimidims, 
699*;  fragiUs,  699*;  labiatus,  4,  6,  7, 
699*,  700;    proximust  699*;    simpsom, 

699* 

Insecta,  90,  X5i*-'i55;  Carbonic,  501*; 
Cretaceous,  734.  736;  Jurassic,  663^ 
679;  Mesozoic,  749;  Ordovidan,  308; 
Paleozoic,  581-584*;  Permian,  539; 
Tertiaiy,  831,  833* 

Insectivora,  836,  837,  840 

Inselberg,  Germany,  rocks  at,  7* 

Interambulacral  plates  in  echinoids,  473*; 
zones  in  echinoids,  164,  165^  x66* 

Inyo  County,  California,  Triassic  in,  633 

Iowa,  Mississippian  of,  444*;  Upper 
Devonian  fish  remains  of,  443 

lowan  fauna,  416 ;  glacial  stage,  866 

Ireland,  Mississippian  of,  456,  459;  Moun- 
tain Limestone,  of,  438;  Upper  Creta- 
ceous of,  716*,  717 

Irish  elk,  900,  901* 

Irish  moss,  66*,  75>  76*;  M(  CkoHdnu 
crispus 
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bkutflk  basiii,  216*,  357;  Cambrian  of, 
346 ;  Devonian  of,  4x5 ;  Ordovidan  of, 
294,  299 

Iron  Age,  883,  921 ;  ore.  Cretaceous,  710 

Irondequoit  limestone,  3x7* 

Isle  La  Motte,  Chazy  limestone  (^,  262* 

laie  of  Portland,  England,  Jurassic  of, 
66s* 

Isle  of  Wight,  fossfl  trees  in  Wealden  of, 
711 ;  Tertiaries  of,  779 

IsastrtBOj  639,  667 ;  hdiafUhoideSf  668* 

Isckypierus,  631 ;  micropierus,  610* 

Isoeardia  cor,  xx9*;  fratem^,  825* 

IsockUina  fahacea,  432*;  jonesi,  306* 

Isopoda,  145 ;  Mesosoic,  748 

UoUkSt  308;  gigas,  263,  265* 

IsoieUndes  wkitfiddi,  262* 

Italy,  Eocene  of,  8xx,  8x2;  Eocene  worm 
tubes  of,  140*;  Permian  in,  5x1;  Plio- 
cene in,  8x9,  820*;  Quatemaiy  of, 
885 ;  Triassic  of,  630 

Ithaca,  New  York,  Portage  beds  at, 
397*;  region,  Devonian  faunas  of,  50* 

Ithaca  beds,  377 ;  fossils  of,  398* 

Ithaca  fauna,  49,  50* 

Jacalitos  formation,  table  facing  782 

Jackson  marls,  787,  table  facing  782; 
fossils  of,  824* 

Jakdocystis  karlieyi,  369* 

Jaemcl  peninsula,  Haiti,.  PaliDOcene  foki- 
ingin,  783 

Jaguars,  841 

Jamaica,  789;  Cretaceous  in,  696;  Mio- 
cene in,   79x;    Palsocene  folding  in, 

783 
Japan,  Jurassic  flora  of,  741;    Lias  in, 

666 
Jatulian  series,  203* 
Jellyfish,   9x;    developmental  stages  in, 

98* 
Jereica,  725 ;  pdysUma,  95*,  724* 
Jerscyan  glacial  stage,  866 
Jet,  Liassic  658 
Jonesina  gregariot  499* 
Jotnian  formation,  203 
Judith  River  formation,  703;   fossils  of, 

739* 
Juniata-Queenston  red  beds,  530;  shales, 

333 
Jupiteria  eharoHf  833* 

Jura,  Black,  634;  Brown,  643;  White, 
643 


Jura  Mountains,  i8»  643 

Jurassic,  xo*,  20,  643-682 ;  American,  30, 
645-654;  ammonites,  X34,  135*,  671*- 
674*;  belemnites,  674,  675*,  748;  bird, 
X7I,  663,  664*,  679,  774;  brachic^x)ds» 
667,  668*,  669*;  cephalopods,  651*; 
conifen,  742*;  corals,  667;  Cordil- 
leran  geosyndine,  652;  crinoids  of, 
XS7*,  676,  677*,  678*;  Crustacea, 
662*,  67s.  676*;  cycads*  84*,  85*, 
74X*;  dragon-fly,  663*;  echinoderms, 
67s.  677*,  749;  echinoids,  165*; 
English,  605*;  fish,  679*;  flora,  74i» 
742*;  gastropods,  670*,  67 x;  ginkgo, 
74;  horseshoe  crab,  662*;  ichthyo- 
saurs,  652;  igneous  intrusions,  682; 
insects,  663*,  679;  lagoons  of  Soln- 
hofen,  66X-664;  life,  667-^2;  mam- 
TDSh,  777,  778;  mountain-making 
at  dose  of,  680-682;  of  Africa,  667; 
oi  Alaska,  653;  of  Asia,  666;  of  Aus- 
tralia, 667;  of  England,  on  map,  X2*; 
palsogeographic  maps  of,  647*,  654*; 
pdecypods,  651*,  66x*,  669*,  670*; 
plants,  667;  reptiles,  652,  655,  656*- 
6s8*,  663*,  679.  680*,  68x*,  7Si*-7SS*; 
sea-urchins,  677,  678*;  sponges,  66x, 
667,  668*;  subdivisions  of,  645;  sys- 
tem, 18;  worm  tubes,  X40*,  X41*; 
vertebrates,  679  •-68i* 

Kahlebusch,  Saxony,  Cretaceous  section 
at,  719* 

Kale>/un  series,  203* 

Kames,  865 

Kanawha  alluvial  fan,  sectionr"  483*; 
series,  478,  48o*-482 

Kangaroo,  836 

Kansan  glacial  stage,  866 

Kansas  basin,  Permian,  520;  Carbonic 
ammonites  of,  572*;  Comanchean  in, 
691*,  692;  Cretaceous  bird  of,  775*; 
Cretaceous  reptiles  of,  751*,  752*, 
772 *f  773*;  origin  of  salt  deposits  of, 
516-518;  Peni^ylvanian  of ,  484 ;  Penn- 
sylvanian  Sea  of,  486;  Permian  of, 
S07.  S16 

Kant,  Enumuel,  176 

Karnic,  608 

Karoo  formation,  521,  606,  638;  mam- 
mals in,  778;  reptiles  from,  598*, 
603 

1^^^fl^^^l|V^^^  ftries^  440 
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Keewatin,  so,  198,  200;  ice^eet,  871, 
872*;  lava  flows,  on  diasram,  194*; 
series,  19s 

Keewatinic,  20 

Kelly's  Island,  Lake  Erie,  glacial  grooves 
on,  86s 

Kentucky,  Chattanooga  shale  in,  440, 
441 ;  Silurian  of,  335 

Keokuk  limestone,  440,  444*,  478;  fos- 
sils of,  464*,  465*,  468*-472* 

Rertch,  Tertiary  Biyozoa  reefs  of,  817* 

Keuper  marls,  4,  6,  7*,  18,  605,  608,  629*, 

635*655;  fossils.  755* 
Keuperian,  608 

Keweenaw  Peninsula,  190 

Keweenawan,  20;  lavas,  190,  191;  series, 

jgo,  191,  198 
Keweenawic  20 
Keyser  limestone,  334 
Keyserling,  Count,  17,  506 
Kiamitia  shales,  6g2 
Kimmeridgian,  645,  652,  660;   clay,  IO^ 

6os* ;  fossils  of,  667*,  670*,  678* 
Kinderhook  UmestonCj    440,   445*,  446*, 

478*;  fauna,  447f  448;  fossils  of,  398*, 

468*-470* 
King,  Clarence,  cited,  624 
Kingena  wacoensis,  726* 
Kingston,    New    York,  section   at,    325, 

326*-328*;  Silurian  of,  348,  378 
Kingston  formation,  table  facing  782 
KinnekuUe,  Sweden,  section  at,  297* 
Kumoceras  anguUUym,  364* 
Kiowa  shales,  692 

Kirgiz  steppe,  Mississippian  in  the,  462 
Kirkbya  centronota,  499*;  cosiaia,  468* 
Klamath    Mountains,     California,     Per- 
mian of,  518;  Triassic  of,  624 
Kkgdenia,  346 ;  iniUalis,  306* 
Knobstone   of   Indiana,   445;    nautilotds 

of,  571* 
Knox  dolomite,  268,  271 
Knoxville    beds,    709,    710;     fossils    of, 

728*,  730* 
Koipato  group,  624 
Kaninckina,  640;  leonhardi,  639* 
Konjepruss,  Bohemia,  quarry  at,  375* 
Kootenai  formation,  693 
Korea,  Cambrian  of,  246 
Kreide,  18;  Ober,  18;   Unter,  18 
Kungurian  series,  511 
Kupferschiefer,  18,  506;  ganoids  of  the,  595 
Kutargina,  232 ;  cingulaki,  228* 


Labodria,  553;  okioeusis,  553* 
Ldbiatus  Pl&ner,  4*.  6*,  7* 
Labradoran  ice-sheet,  867,  872* 
Labyiinthodonts,  sig^  599,  600,  750*; 

Stegocephalians 
Labyrinthodont  tooth  structure,  501 
La  Chapelle-aux-Saintes  grotto,  9x1 
Lackmostemaf  153* 

Ladinian,  fossils  of  the,  634*,  635*,  639* 
Ladinic,  608,  624,  636* 
Ladogian  series,  203 
Lady-beetle,  154 
Lake  Agassis,  876*,  877 
Lake  Algonquin,  874,  87s* 
Lake  Bascom,  877 
Lake  Bonneville,  878*,  879*  ^ 
Lake  Bouv6,  877 
Lake     Champlain     sectkm,      360*— 263; 

analysis  of,  264;    comparison  of,  with 

other  sections,  265 
Lake  Charles,  877 
Lake  Chicago,  874* 
Lake   District,   England,   Qrdovidan   of, 

257 
Lake  Erie,   Devonian  section  on,   390*; 

origin  of,  874 
Lake  Erie   section,   Devonian,  389-393; 

analysis  of,  393-401 
Lake  Huron,  origin  of,  874 
Lake  Iroquois,  875* 
Lake  Lahontan,  879 
Lake  Maumee,  873*,  874 
Lake  Michigan,  origin  of,  874 
I«ke  Mceris,  Africa,  859 
Lake  Nashua,  877 
Lake  Ontario,  origin  of,  873 
Lake  Passaic,  877 
Lake  Shaler,  871*,  878 
Lake   Superior,   origin   of,   874;    region, 

pre-Cambrian  of,  190-192 
Lakes,  ice-dammed,  876,  877 
Lamarck,  Jean,  53,  54,  779,  780 
Lamarckian  factors  of  evolution,  54 
LamelUbranchiata,     90,      11 5-1 20;       set 

Pdecypoda 
LamitKuria,  75^ 
Land  bridges,  Tertiary,  of  Gulf  region. 

791 
Land  life,  vertebrate,  beginnings  of,  471 
Land  masses.  Palaeozoic,  2x1-217 
Land   plants,    540-542;    Carbonic,    50X- 

505*;  Mississippian,  443,  47  X 
Laplace,  Pierre,  X76 
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Lapland,    aectioa    of    pie-Cambrian    of, 

203  ^  204 
La  Plata  sandstone,  618*,  648 
Lapworth,  Professor  Charles,  356;  portrait, 

14* 

Laramian,  686 

Laramide  Revolution,  784 

Laramie  beds,  785;  reptiles  of,  769*; 
invertebrates,  706*,  739*;  plants^  743, 
743*;  sands,  703 

Lafch  tree,  89* 

Larix  ewropaa,  89* 

Lasiograptus  euckans,  291* 

La  Tdne  culture  stage,  883 

Lattorfian,  813*,  table  facing  782 

Laurentian  gneisses,  194;  granites,  195; 
Peneplane,  192,  194^  195,  198;  Pene- 
plane,  diagram  of  development  of,  194* ; 
Revolution,  20, 194 

Laurentinic,  20 

LAwrus  nebrascensis,  743* 

Law  of  Biogenesis,  55 

Leaia  tricofinata,  $00!* 

LeanchoHia  superkUa,  577* 

Lebachian,  489* 

Leda,  days,  880;  pandoriformis,  565*; 
PermUa,  879 

Lee  conglomerate,  479 

Lehman,  Johann  Gottlob,  3,  6,  605,  683 

Leiostoma  tmUnformis,  829* 

Le  Moustier  skeleton,  91  x 

Lemurs,  839,  840 

Leopards,  841 

Lcpadit«,  748 

LeP<tft  577 ;  anaUfera,  146* 

LeperdUia,  346,  577;  o/to,  328,  329*; 
angvUftra,  367*;  fabuliies,  282*;  At- 
singeri;  145*;  scalaris,  325* 

Lepetopsis  kveitei,  466* 

Lepideckinus  ranspinus,  472* 

LepidocoUus,  577 ;  sarlii,  577* 

Lepidocyclina,  822 ;  manUttit  789,  790* 

Lepidodendron,  82,  443,  471,  504;  com- 
pared with  Club-moss,  541*;  elegans, 
8x*;  gaspianum,  436*;  modulatum, 
503*;  obtusum,  503*;  stumps  in  Nova 
Scotia,  443 

Lepidodendrons,  71;  extinction  of,  740; 
Permian,  529 

Lepidostei,  749,  750;  su  Ganoids 

LepidostrobuSf  541* 

Lepidotus  notopterus,  679* 

Lepralia  coccinea,  113* 


LepUma,  559;  rkomboidaUs,  561* 

Lepiastrea  purpurea,  107* 

LeptocaUa  finbeOUcs,  383* 

Leray  limestone  in  section,  279^ 

Leioux  foH^ittion,  618*,  61 

LestodoriLs&.  897' 

201,  202* 

Lewiston  limestone,  334*,  348 

Lias,  lo*,  604,  643,  644*,  645,  652,  653, 
654-658,  666;  of  England,  18,  605* 

Liasaic  ammonites,  134*;  fish,  750;  fo»- 
sib  of  the,  669*,  671*,  672*,  675*,  679. 
680*;  map  of  Europe,  654*;  reptiles, 
75a*;  shales  of  England,  preservation 
of  fossils  in,  34 ;  shales  of  WUrttembeig^ 
preservation  of  fossils  in,  34 

LibelluUt  152* 

Libyan  desert,  648,  649;  OUgooene  0^ 
860;  origin  of  sands  of,  723 

Lickas,  363;  boUoni,  367* 

Lichens,  71,  73,  78 

Lignitic  group,  787 

Lima,  640;  striata,  639^ 

LimadnkUe,  746 

LJffiiMM,  52 ^  884 

Limpet,  120* 

Limulus,  ISO*,  579,  662*,  74«;  P«hh 
pkemus,  ISO*;  walcki,  150* 

Lingual  ribbon  in  gastropoda,  121* 

Lingula,  114,  556;  coburgensis,  SSI*  I 
cuneata,  317*;  «Wm,  557*;  eva,  S57*; 
flags,  247;  Ugea,  557*;  modesta,  kkj*; 
murphtana,  115*;  rectihieralis,  SS'T 

LinguUpis,  232 ;  acuminaiat  229* 

Lintkia,  831 

Lions,  841 

Lipalian  era,  20 

Liquidambar,  821*;  iulegrifolium,  743* 

Lbbon  formation,  table  facing  782 

Lithistida,  547,  744 ;  Jurassic.  667* 

Lithographic  limestone  of  Bavaria,  66x- 
664';  fossils  of,  46*,  66i%  663*,  664*, 
676*,  679*,  681;  preservatbn  of  fos- 
sils in,  34 

LithosirolioH,  452,  465 ;  basaiiifarme,  4t^*; 
canadense,  463* 

Lilfiothamnium,  78;  gosaviense,  77* 

Little  Belt  Mountains,  Montana,  pre- 
Cambrian  of,  187 

Little  Colorado  River,  Triaaaic  section 
on,  6x8* 

Little  Falls,  New  York,  contact  of  Pots- 
dam sandstone  on  ciystallines  at,  264 
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Little  Falls  dolomite,  aya*.  284 

LiUorina  liUorea,  884 ;  Sea,  884 

Liverworts,  7i»  79 

Tjyflw^a,  169 ;  see  Squamata 

Llamas,  843,  84s.  898 

Llandeilo    series,    296;    graptolitea    of, 

269 
Lobocrinus   naskmtttf,   469^;    pyriformis, 

158*.  469* 
Lobes  and  saddles  in  oephabpod  sutures, 

I32*»  I33*-I38 
Lobsters,  90 

Loch   Maree,    Scotland,   Torridon   sand- 
stone of,  202* 
Loctdipora  perforata,  423* 
Lockport  dolomite,  314,  315*,  319,  322, 

323 *»  334*;  fossils  of,  320*  321 
Loess,  866 ;  of  Mississippi  Valley,  881 
Logan,  Sir  William,  193,  194 
Loganograptus,  549* 
Logan  sandstone,  440,  445 
Logan  Sea,  687 
Loligo  vulgaris,  128* 
Londinian  days,  8x3^ 
London  Basin,  section  of,  10*;  Tertiaries, 

779;    Tertiary  fossils  of,   828*,   829^; 

Palcocene  in,  806 
London  clay  and  sands,  10*;    primitive 

horse  in,  848 
Long    Island     terminal     moraine,    867; 

section,  867* 
Longwood  beds,  336*,  331,  347;  -Vernon 

red  beds,  530 
Lonsdale,  William,  15 
Lophiodonts,  847,  8s6,  857 
Lophophyllum,  493 ;  pro/undum,  493* 
Lopkospira  ampla,  304*;    bicincta,  304*; 

helktera,  304*;   pulcketta,  304*;   tropi- 

dopk&ra,  304* 
Lopkolkuria  fabricii,  167* 
Lorraine,  salt  deposits  of,  635 
Lorraine   shales,    260,    389*;    fossils   of, 

285*;  in  section,  286* 
Lotharingian,  645 
Louis   Philippe  Land,   Jurassic  flora  of, 

741 
Lower   Cambrian,    183,    184,    199,    202; 

Carboniferous  of  Europe,  17;  Creta- 
ceous, 20;  Magnesian  limestone,  273; 
Silurian,  354;   Triassic  of  Europe,  625 

Lowville-Chazy  limestones,  260 

Lowville  limestone,  281 ;  in  section,  279*, 
287* 


Los    Angeles,    California,    a^halt    pool 

near,  38;  see  Rancho  le  Brea 
Lozodonta,  858 
Loxohphodas  iugens,  838* 
Loxonema,   640;    delpkkola,   427*;    ler»- 

bra,    427*;     wkitfiddi,    497*;     y^mid' 

lana,  466* 
LHcina,  700,  746;  ocadetUaUs,  701* 
Ludian,  813*,  814*,  Uble  fadns  782 
Ludlow    rocks   of   Kngland,    355,    455*; 

bone-beds  of  the,  592 ;  in  sectioii,  3x0* 
Ludlow  shale  of  Hamilton  group,  391* 
Lull,  R.  S.,  quoted,  859;  cited,  gox 
Lumbricaria  coUm,  46* 
Lung-fish,  see  Dipnoans 
LumUicardium  acuikosinim,  426* 
Lusitantan,  645 

LmUtiau,  8x3*1  table  fadng  782 
Lycopodic,  71 
Lycopodium  annoHmum,  80* 
Lycopods,  71.  79,  80*,  8x*.  81,  437,  471, 

540;  Carbonic  504*,  50S* 
Lycosaurus  curvimaia,  602* 
Lyell,  Sir  Charles,  19,  780,  781 
Lyginopteris      {LygtHodendron)      Miami, 

542* 
Lyme  Regis,  England,  Liassic  fossils  of, 

656,  771* 
Lynxes,  841,  895 
Lytoceras,  X35*;  kyaiU,  728^;  UMgi,  58* 

Maclktrodus,  841,  893,  894* 

Mackenzia  castalis,  590* 

Maclurea  {Maduriles),  304;  magma,  263* 

Macrouphalites  macrocephaius,  673* 

Macrocrinus  terneuUiamus,  470* 

MacrodoH  htrsoncKsis,  118* 

Macropktniopteris  641;    magmfoUa,  640* 

MacroscaphUes,  731 ;  tvoiit,  729* 

Macka,  48 

McBean  formation,  table  facing  78a 

M cGrady  formation,  452 

Madagascar,  Jurassic  in,  667 

Madison    limestone,    Montana,    aections 

of,  448,  449 
Madreporic  body,  160*  163 
MaioHoceras   arcHcttmerahm,    365*;     set 

Cyrtoceras 
Miestrichtian,  685,  707,  708 
Magdalenian  culture  stag^  883,  9x6,  9x8 
Maglemose  race,  920 
Magnesian   Limestone  of   Kngfaind,  xo*, 

S06,  507,  S13 
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Magnolias.  Cretaceous,  744 

Magothy  formation,  708 

Maiden-hair  tree,  see  Gingko 

Malacostraca,  145 ;  Mesosoic,  748 

Malleus  vulgaris,  118* 

Malm,    643,    644*,    645,    653,    660-666; 

fossils  of  the,  668*,  673*.  674*,  676* 
MalocystUes  emmonsi,  307* 
Mammalia,  90,   173;    archaic,   836-838; 

Jurassic,     680;      Mesosoic,     776-778; 

migrations  of,  840;  rise  of,  754,  776 
Mammoth,  woolly,  go3*,  904^  905;  tooth 

of,  90s* 

Man,  172,  840,  905-933;  Alpine  race  of, 
930;  American  races  of,  921,  933;  an- 
cestry of,  893;  Aurignadan  races  of, 
914;  Briinn  race  of,  917;  Cr6-Magnon 
race  of,  914;  early  races  of,  905;  Fur- 
foos-Grenelle  race  of,  919, 930;  Grimaldi 
races  of,  9x4 ;  Heidelberg,  907 ;  Magle- 
mose  race  of,  930;  Neanderthal,  909*, 
910 ;  Northern  race  of,  930 ;  of  Gibraltar, 
9x0,  911;  of  Mentone,  915;  of  Spy, 
910*,  9x1; 'Piltdown,  908*;  Races  of, 
in  Later  Paleolithic  Age,  914;  South 
Mediterranean  race  of,  930;  Tardenoi- 
sian  race  of,'93o;  Teutonic  race  of,  930; 
Trinil,  90s 

Manaaquan  formation,  708 

Manchuria,  Jurassic  flora  of,  741 ;  liassic 
in,  666 

Manlius  limestone,  314,  336*,  337*,  330*, 
348,  377*,  378*.  389*;  folding  of, 
531*;  fossils  of,  338,  339* 

Manna  lichen,  79 

Mansfield  sandstone,  478* 

MatUicoceras  intumescens,  396* 

Mantle  in  pelecypods,  116* 

Manzanilla  formation,  table  fadng  783 

Mapping  of  geological  formations,  31-38 

Maquoketa  beds,  391 

Marcellus  shale,  315*,  377*,  381,  389*, 
390*,  394f  404 ;  fossils  of  the,  434*,  436*, 
438* ;  source  of  ofl,  395 

Marchionel  formation,  table  facing  783 

Marcou,  Jules,  506 

Maretia,  831 

Marianna  limestone,  table  facing  783 

Marine   sediments,   indicated  by   fossils, 

SI 
Mariopteris  pottsvillea,  $02* 
Mariposa,  California,  red-woods  of,  87^; 

formation,  6S3  ' 


Mftijelen  Lake,  878 

MarpoUa  tequalis,  335*;  spissa,  538* 

Marrella  splendens,  573*,  $74* 

Ma^all  sandstone,  450 

Marsupialia,  837 

MarsupiUs,  734;  omahts,  738* 

Marsupitidc,  749* 

Martha's  Vineyard,  terminal  moraine  of, 
868*,  870'.  871 

Martinez  formation,  793,  table  facing  782 

Martinia  perplexa,  494* 

Martinsburg  shale,  289;  section  of,  390* 

Maryland,  Cretaceous  of,  707,  708;  De- 
vonian in,  387 ;  Eocene  of,  787 

Massachusetts,  Cambrian  fossils  of  east- 
em,  333*;  Cambrian  of  eastern,  331, 
330,  339,  341 ;  dnunlins  of,  865 

Mastodon  americanus,  903*;  grinding 
teeth  of,  90s*;  Warren,  903* 

Mastodons,  839,  840,  860,  861*,  866, 
895»  903*,  931 

Mastodonsaurus  jcegeri,  750* 

Matawan  group,  708 

Mather,  W.  W.,  is 

Matthew,  George  F^  Cambrian  studies 
by,  333 

Mauch  Chunk  red  shales,  440,  450, 
453,  480*;  amphibian  foot-prints  in* 
471*  S96;  fossils  of  the,  471,  473* 

Maxwell  limestone,  440 

May  Hill  sandstone,  in  section,  310* 

Maysville  group,  391 

Mazon  Creek,  Illinois,  Carbonic  fossils 
of,  383*,  383*;  iron-stone  nodules  of, 
499,501 

Mecklenbuigian  gladal  stage,  883 

Medidne  Bow,  Wyoming,  Comanchean 
of,  75^,  7S9*,  760*,  761* 

Medina  sandstone  and  shales,  314,  31s, 

317,  323*,  324*,  SS5,  389*;  fossils  of, 
3x6*,  317*;  trail  in,  4X* 

Mediterranean  basm,  Jurassic  deposits 
in,  666;  Lower  Cretaceous  of,  710; 
Mesozoic,  see  Tethys;  Neogene,  817, 
8x8;  Permian,  511;  Triassic  of,  634, 
636*,  637*,  638* 

Mediterranean  region,  subdivisbn  of 
Triassic  in,  606 

Mediterranean  Sea,  Cambrian,  343 ;  Cam- 
brian fauna  of,  330;  Jurassic,  6ss; 
Mississippian,  463;  Ordovidan,  397, 
398;  Tertiary,  8o6^  807,  808,  810, 
811 
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MedlicoUia,   525;    copU,   527*; 

Medusites  lindstr^mi,  2'j'j^ 

MeektUa,  493 ;  striaioc9$kUa,  404* 

Meekoceras,  620,  640;  iradHsiiiahtm, 
621*;  graciUiaiis,  622 

Mukospira  peracuta,  496* 

Megahspis,  295,  308 ;  Imbaia,  294* 

Megalomus,  363 ;  canadensis^  362* 

Megalonyx,  921 

MegasclereSp  96* 

MegatiteriuMf  881;  aMerfMfitfM,  895*; 
cuvieri,  896* 

Megilla,  154 

Megistocrinus  nobUis,  469* 

Mdania  wyomingensit,  739* 

Melmcrby  Scar  limestooe,  457^ 

J/f^  diadema,  125* 

MehniUSt  452,  471,  589;  mtiUiporus, 
lbs*,  472* 

Mehpkagus,  151* 

Membranipora  bipundala,  xi3^ 

Meramec  group,  440 

Merced  formation,  table  facing  782 

Merista,  564 ;  hercuka^  563* 

Meristella,  422 ;  fkuuto,  383* 

MerisUna  maria,  361^ 

Meroplankton,  70 

Merostomata,  90,  148^-149*,  188*,  324, 
325*;  Cambrian,  S79*-s82^;  Car- 
bonic, 499,  500*;  Mesoxmc,  748; 
Paleozoic  578,  S79*-582* 

MeryckippHS,  852 

Mesa  Verde  formation,  699* 

Mesenteries  in  coral  polyps,   102,   X03*, 

109* 

Meso-,  as  prefix  for  time  periods,  226 

Mesoblastus  lineatus,  159* 

Mesokippus,  8so*,  852* 

Mesoikyra  oceani,  147* 

Mesozoic,  g,  20,  174,  175,  604-778; 
amphibia.  75©;  birds.  171.  774-776; 
brachiopods,  745 ;  Bryozoa,  745 ;  cephalo- 
pods,  746-748;  Ckelonia,  754;  corals, 
744.  745*;  Crocodilia,  754;  Dino- 
sauria.  755;  Crustacea,  748;  echino- 
derms,  749;  echinoids,  164.  165*; 
fauna,  derivation  of,  535;  fishes,  749, 
750;  gastropods,  746;  Ichthyosauria, 
752;  invertebrates,  744-749;  mam- 
mals, 776-778;  merostomes,  748;  pe- 
lecypods,  745,  746;  plants,  740-744; 
progress  of  life  during,  740-778;  ptero- 


pods,     746;     Pteronuzia,     77x:     RP- 

tiles,  750-774;    RhypchocfT'haKa,  751; 

Sauropterygia,     753;      sponces»     744; 

Squamata,    7$i;    strata,    7*; 

morpha,  754 
Mesvinian  stage,  883 
Metacoceras  sttbguoHdrangidans^  497*; 

<»«t,  572* 
MeiacypHs  consobrina,  739* 
Metemgoceras  dmnMH,  734* 
MetHdium  marginaUit  103* 
Meuae  region,  457 
Mexico,  Comanchean  of,  684,   687,  691, 

692,    693;     Cretaceous   of,    687,    695; 

Jurassic  in,  645,  646,  647;    PSalBooene 

Mountain  chain  of,  783;    PliooeBC  in. 

788;  Triasaic  of,  62s 
Mice,  839 
Mickdima,  468;    comtexa,  42a  ^;    fewasa, 

463* 

Michigan,  Devonian  of,  375 ; 
of,  450;  Silurian  of,  335,  344 

Micrasier  cor-tesludinarium,  737* 

Micfdconoden,  777 

Microdiscus,  234;  speciosm,  23s* 

Microsauria,  752 

Midway  group,  787,  table  facing  78a 

MUiola,  822 ;  tenera,  92* 

Milkweed  butterfly,  154 

Millepedes^  90 

MUUpora,  loi;   akic4frms,  xoi*; 
102  • 

Milleporea,  91 

Miller,  Hugh,  birthplace  of,  372*;  por- 
trait, 372* 

Millstone  Grit  of  England,  xo\  x7»  43^ 
457  *,  487,  488 

Mindelian  glacial  stage,  883 

Minnelusa  beds,  484 

Minnesota,  Cambrian  of,  223,  251; 
Ordovidan  in,  273 ;  St.  Peter  sandstone 
in,  273 

Miocene,  19,  ao»  780,  781,  788,  7^\ 
793*.  794.  800,  802,  814,  table  fadng 
782;  amphibians,  168,  169,  171*; 
brown-coal,  German,  815^;  oonla^ 
824*;  echinoids,  831,  834*;  Forunini- 
fera,  792,  822,  823*;  gastropoda,  124*, 
125,  827*-83i*;  insects,  831,  8^3; 
lavas,  709*,  802;  life,  840,  841,  843, 
844.  853.  857,  860;  pakeogeographlc 
map,  803*;  pelecypods»  119*,  8x8*, 
825*,  826 
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Miocenic,  20,  781 ;  see  Mioceoe 

Miokippus,  852 

Mississippian,   16,  30,  438-474;  amphib- 

una,  471.  596;    blastoida,  158*,  iso*> 

46g,   471*;    brachiopods,   460*,   461*, 

465*,   468,   558*;    brittle  star,   $89*; 

Biyocoa,  464*1  4^8;  cephalopods,  467*. 

468*,  571*,  572*;  ccratites,  467*,  468; 

oonularid,    568*;     oonls,    463*1    465; 

crinoids,  158*,  469^  470*;    echinoids, 

471,  473*.  S9o';  ferns.  471,  473*.  474*; 
fi«h,  471,  473*:  gastropods,  466*,  468; 
goniatites,  132*,  467*,  468;  land  plants, 
443,  471;  Foraminifera,  462*;  life  of 
the,  463*-~474*;  map  of  outcrops  of, 
in  North  America,  439*;  nautiloida, 
467*,  468.  57I*.  672*;  oetiacods,  468*, 
469;  paheogeographic  maps  of,  442*, 
4Sx';  pdecypods,  461,  462*,  466*, 
468,  565*;  Protocoa,  462*,  465;  sec- 
tions of  basal  transgression  of,  441  ^ 
445  ^  446;  stromatopoiaa,  465 ;  Toumai 
stage  of,  462;  transgression  in  Europe 
and  America,  462;  trilobites,  468*, 
460 ;    Vis£  stage  of,  462 

Mississippic,  438 ;  see  Mississippian 

Mississippi  Valley,  16;  MissisBippian 
of,  440,  453*;  Ordovidan  type  section 
in,  257 ;  Silurian  of,  337 

Missouri,  Mississippian  of,  445* 

Mitoceras  gebhardit  364* 

MUoclema  mundtUum,  555* 

MUra  episcopalis,  125* 

Misalia  rostrata,  150* 

Moa,  892* 

Moberg,  Professor,  photograph  of,  308* 

Modem  Asteroidea,  z6o^  161*,  162; 
barnacles,  145,  146*;  birds,  171; 
brachiopods,  113*,  114*,  115*;  Bryo- 
zoa,  1x2*;  cephalopoda,  127,  128*, 
129*,  130*;  corals,  105  •-io8*;  cri- 
noids,  iss*,  156*,  586;  Crustacea, 
144*,  146 •-148*;  fish,  i68*;  gastro- 
pods, i2o*-x2S*;  hobthurians,  166^, 
167*;  hydrocoralline,  loi*,  102*;  hy- 
droids  g6*-ioo*;  insects,  151*7154*; 
merostomes,  149*,  150*;  pelecypods, 
117*,  ii8*,  119*;  pteropods,  126*, 
127*;  scorpions,  149*;  sea-urchin, 
162  ^  163;  shark,  169*,  170;  stai^ 
fish,  x6o* 

MadiolopsiSf  303;  concentrica,  566*;  mo- 
dwlaris,  282,  285*.  566;  mytUoides,  566* 


Modiomorpka,    565;     ate,    $66*;     €9th 

cetUrica,  566*;    sttbaioia,  566* 
Moencopie  beds,  6x8* 
Mohawk  Valley,  Ordovidan  in,  373,  274*; 

St.  Peter  sandstone  in,  275 
MitfUkerium,  859*,  860,  861 
Malaria  spinifera^  579* 
Molds  of  fonib.  3»\  39* 
Moles.  836,  895 

MoUusca,  90,  1 1 5-138;  see  also  Cepha- 
lopoda, Gastropoda  and  Pelecypoda 
Molluscoidea,  110-1x5;  '^  also  Brachio- 

poda  and  Bryozoa 
Mongolia,  Liaask  in,  666 
Monkeys,  840 
Moiunouth  group,  708 
Monograptldc,  100 
MouograpUts,     357,     $5^1      cUmhueims, 

318*,    3x9;      eolomu,    99*;      dmbims, 

552*;    priodoH,    100*,    358*;    kmicth 

laius,  99* 
Monongahela  series,  478,  483 
Motifoplemra,    691,    729;    mtardda^    690*; 

pinguiscula,  690*;   texana,  690*;   iHio- 

Mto,  713* 
Monopleuridc,  746 
MonepUris  Umgispma,  495* 
Manoiis,  640 
Monohypa  labtdat^,  423* 
Monroan,  313*  3X4*  344-359 ;    fosaili  off, 

346,   348»   3SO*,   364*;    Stromatopoim 

reefs,  348 
Montana,  Cambrian  of,  244 
Montanan,  686;   ammonitf^,  733*;  floim 

of,  74a 
Monterey    formation,   749,   table    faudng 

782 
Montian  group,  806,  table  fadng  782 
MofUkuUpora  arbarea,  302* 
Monticulxporide,  ixi,  555 
MomUitaMa,    639,    667;     eano^kyOaia, 

668* 
Montpelier    limestone,    789,    790,    taUe 

fadng  782 
Moon,  origin  of,  178,  179 
Moorea  hicomuta,  432* 
Moorefieki  shales,  452 
Moraines,  terminal  867*,  868^ 
Mormon  sandstone,  652,  6$$ 
Moropus,  857*,  858 
Morrison     formation,     652,     69$,     7ti; 

phmts,   734;    reptiles  of,   762*,   763*, 

769* 
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Morrow  series,  482 

MorUmiceras,    708,    731;     lexanum,    706, 

707* 
Mosasaurs,  751, 752* 
Moscovian,  Lower,  486 ;  Upper,  486 
Mosses,  71,  79 
Moulton,  F.  R.,  179 
Mountain  Limestone,  10,  4j8,  456,  459 
Mount    Lebanon,    Tertiary    fossils    of, 

83s 
Mount  Lofty  ranges,  Australia,  tillite  in, 

305 
Mount  Marion  beds,  377*,  383 
Mount  St.  Elias,  Triassic  of,  633 
Mount  Stephen,   British  Columbia,   sec- 
tion of  Cambrian  of,  245* 
Mousterian  culture  stage,  883,  913 
Multituberculata,  778,  837 
Mural  pores  in  corals,  104* 
Murchison,  Sir  Roderick  I.,  13-17,  256, 

309.  373.  S06,  S07;  portrait,  ii* 
Mitfchisonia,  640;  bilineata,  125* 
Murex    palma-rosa,     125*;      knuispina, 

121*,  125* 

Muschelkalk,  4,  6,  7*,  18,  605,  608,  628*, 
629^  632;  ceratites,  133*;  fossils  of, 
63Q*.  753;  Sea,  extent  of,  S"-5>3 

Musci,  71 

Muscles  in  brachiopods,  ii3*-zx5*;  in 
pdecypods,  116*,  11 8*,  iig 

Musk-ox,  843 ;  recent,  899 

Mya,  880;    arenaHa,  48,  116*;   truncata, 

in* 

Myalinat  497,  525,  620,  640;  kausmanni, 
525*;      subquadrata/  526*;      swaUovi, 

495* 
Mylodon,  895,  897*;  rohustus,  896* 
Myophoria,    632,    640;     goldfussi,   635*; 

vulgaris,  631* 
Myriapoda,    90;     Carbonic,    501,    581, 

583^;    Mesozoic,  749;   Paleozoic,  581, 

583*;  Permian,  529 
Myrmekon,  152* 
Mysfriosaurus,  679 
Mystriosuckus,  641 
MyHlus,  66* 
Msrxomycetae,  71 
M3rxoqx>ngida,  91 

Nahant,    Massachusetts,    Cambrian    of, 

321 ;  illustration  of  tide  pool  at,  66* 
Naheola  formation,  table  facing  782 
NaiadiUs  carhonarius,  495* 


Namuiian,  486,  488 
Nanafalia  formation,  table  facing  78a 
Nanking,  Permian  in,  520 
Naosaurus,  601*,  603,  751; 

6oi* 
Naples  beds,  377 ;  fauna,  49,  50* 
Naples,    New    York,    region,    Pevonim 

faunas  of,  50* 
Napoleon  sandstone,  450 
Nashua  beds,  788,  table  facing  78a 
Nashville  dome,  initial  uplift  of,  394 
NaHca  canrena,  125* 
Naiicopsis  lorla,  496*;  sictac,  466* 
Natural  Bridge  of  Virginia,  268 
Natural  Selection,  principle  of,  d/,  63 
Nautilian  type  of  coiling,  569-572* 
Nautiloidea,  90,  130-133 ;  CarixHiic,  497*, 

49B,  572*;  Cretaceous,  732.  735*.  736*  ; 

Mesozoic,  746,  747 ;  Mississippian,  467*, 

468,  571*.  S72*;   Tertiary,  831,  Sja*; 

Triassic,  639*,  640 
Nautiloid  stage  in  goniatites  and  oerta* 

tites,  56 
Nautilus,   127,   132,  304,  422,   573,   640, 

732,  747;    cavati/orme,  497*;    domems, 

736*;      dekayi,     735*;      ««>uPf     569; 

magister,  428*;    pompiUus,  128*,  131*; 

Iriadicus,    639*;     type,    evolution    of, 

130-132 ;  type  of  suture,  573 
Navajo  Church,  650* 
Navicula  kibir,  72*;  jennei,  73* 
Neanderthal   man,   883.   910-9x3;     rmcx^ 

burial  customs  of,  914 
Nebula,  176;  spiral,  178,  179* 
Nebular  hypothesis,  176-178 
Necton,  70 

Nectonic  organisms,  70 
Nemaiopora  ovalis,  303* 
Nemoura,  151* 

Neo-,  as  prefix  for  time  periods,  336 
Neo-Appalarhian   trough.   Cretaceous  of. 

703-708 
Neocomian,  685,  695,  710 
Neocordilleran  geo^smdine,  fonnatioa  of, 

616* 
Neogene,  781;    of  Africa,  816;    of  Asia, 

816 ;  of  Europe,  8x6 
Neokippus,  850* 
Neoknus  serralus,  575* 
Neolithic  age,  883 ;  culture  stages,  920 
NeoUths,  920 
Neotremata,  556 
Neozoic,  174 
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NephrUiceras  magiskr,  428* 

Nerinea,  671 ;  htbereiUcsa,  670* 

Nerinddc,  746 

NeritkUe,  746 

Netherlands,  Quaternary  of  the,  884; 
Tertiary  of  the,  815,  818 

Neudeckian  mterglacial  stage,  883 

Neuropteris,  504,  531;  clcrksoni,  503*; 
keteropkytta,  83*;  pocakonias,  502*; 
pdymarpka,  436* 

Nevada,  Cambrian  of,  23,2;  Jurassic  of, 
653;  Pennsylvanian  of,  485;  Pleisto- 
cene lakes  of,  879;  Tertiary  lava  of, 
709*;  Tertiary  salt  and  gypsum  of, 
796* ;  Triassic  of,  634 

Newark  geosyndine,  deposits  in,  615* 

Newark   system,   609,   6x2*;    fossib  of, 

639* 

New  Brunswick,  Cambrian  of,  221,  230, 
2$9t  347 ;  Taconic  Revolution  in,  294 

Newcastle  coal  series,  522 

Newfoundland,  Cambrian  of,  221,  229, 
339,  241,  246;  Cambrian  basal  sand- 
stone in,  238;  ice-sheet,  869*,  872*; 
pre-Cambrian  of,  199* 

New  Jersey,  Cretaceous  of,  707,  708; 
Pabeocene  of,  785,  787 

Newiandia  concerUrica,  188* 

Newland  limestone,  188 

Newman  limestone,  453 

New  Mexico,  Conuinchean  of,  691,  693*; 
Paleocene  fossik  of,  835*;  Penn- 
^Ivanian  of,  486;  Triassic  red  beds 
of,  617 

New  Red  Sandstone,  10*,  18,  506,  604, 
605,  627*,  629*;  on  map,  12* 

New  Scotland  shale,  377*,  J7p,  389*; 
folding  of,  531  * ;  fossils  of,  379* 

New  South  Wales,  Australia,  Mississip- 
plan  in,  463 ;  Rhstic  flora  of,  741 

New  York,  Devonian  of,  377-401;  dia- 
gram of  relation  of  Ordovidan,  Si- 
lurian, and  early  Devonian  of,  389*; 
drumlins  of,  865;  geological  districts 
of,  15;  Middle  Devonian  section  across, 
400*;  relation  of  Marcellus  shale  to 
Onondaga  limestone  in,  399*;  second 
geological  district  of,  259;  Silurian  of, 
314-330,  348;  system  of  formations, 
15,  29,  220 

New  Zealand,  Lias  in,  667 

Niagara-Buffalo  region,  Ordovidan  sec- 
tion at,  286* 


Niagaran,  313.  514.  33S-340,  355 ;  dia- 
gram of  relation  of  faunas  of  the,  338*; 
fossils  of,  3S8*-36i*,  364-369 

Niagara  River  section,  Silurian,  314-325 

Nickel  and  aH>per,  Sudbury,  191 

Niobrara  limestone,  686,  698;  fossils  of, 
706*.  738,  772»  773,  775* 

Nipissing  Great  Lakes,  875,  876* 

Noachian  Deluge,  deposits  su|]poaed  to  be 
formed  by,  4 

Nod  shale,  445* 

Norfolk,  England,  Cretaceous  ol,  718* 

Norfolkian,  883 

None,  608,  624,  625,  636,  637* 

Normanskill  shales,  385,  389*;  in  sec- 
tion, 271* 

North  America,  Comanchean  and  Cretan 
ceous  of,  685-710;  Cretaceous  of,  684; 
Devonian  of,  376-413;  early  Ter- 
tiary evolution  of  mamm&ls  in,  840; 
extent  of  gladation  in,  867-873 ;  gladal 
and  inteiglacial  periods  in,  866;  Ice 
Age  in,  864-879;  Jurassic  of,  645- 
653;  Jurassic  flora  of,  741;  map  of 
outcrops  of  early  Tertiary  of,  782*; 
map  of  outcrops  of  later  Tertiary  rocks 
of,  786*;  map  of  outcrops  of  Penn- 
sylvanian rocks  of,  476*;  map  of  out- 
crops of  Permian  in,  517;  map  of  out- 
crops of  undivided  Carboniferous  rocks 
of,  477*;  map  of  outcrops  of  undivided 
Pabeozoic  of,  528* ;  map  of  outcrops  of 
undivided  Triassic  and  Jurassic  rocks 
of,  609*;  Mississippian  of,  439-455; 
Pennsylvanian  of,  476-486;  Permian 
of,  507,  s  16-5  20;  Pleistocene  and 
Holocene  deposits  in  and  beyond  gla- 
ciated area  of.  879-881 ;  Quatemaiy  of, 
864-881;  sections  of,  showing  geo- 
syndines,  213*;  summary  of  Devonian 
history  of,  402-412;  Tcrtiaiy  of,  782- 
803,  table  facing  782 ;  Triassic  of,  606, 
609-624 

North  Attleboro,  Massachusetts,  Cam- 
brian of,  221 

North  Carolina,  PUocene  in,  788 

Northern  fauna,  Silurian,  350;  set  Bo- 
real, Siberian,  and  Arctic  provinces 

Northumberland,     Mississippian    section 

in,  457* 
Norway,  Cambrian  of,  339,  341,  347 
Norwich  Crag,  883 
Notch  Peak  limestones,  353* 
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Nothoiauridc,  753* 

Nothosamrus  mirabUis,  755* 

NotouDiguJata,  858 

Nova    Scotia,     Misaiasippian    of,    443; 

SOurian  of,  349;    Taoonlc  Revolution 

in,  394;  Triaaac  lavas  of,  610-612 
.Nubian  sandstone,  649,  723* 
NucUospira  fiisum,  1x4* 
NaailUes  pbhngaims,  426*,  565* 
Nugget  sandstone,  621 
Nullipores,  73*,  74 
Nummulite   limestone,    779»   8x0,    8x1*; 

foasib  of,  833* 
NummtdHes,   821;    knigaius,   810*;    Iv- 

casanus,  822*;  nummithna,  822* 
Nyctodaciyius,  Tji 
IfymphalUes  obscunu,  833* 

Oak  Grove  sands,  table  facing  782 

Ober-Karbon,  17 

Ober-Kreiie,  x8 

OboMla,   232,    252,   556;    gemma,   228*; 

pditus,  229* 
Obolus,  556 

Ocala  limestone,  table  facing  782 
Oceans,  Palsozoic,  208,  209 
O'Connell,  Marjorie,  dted,  7x1 
Octopus,  90,  X29*.  X30,  748 
Octoaeptata,  91,    X09;    see    Corah    and 

Anthoaoa 
Oculina  mississippiensis,  824* 
Oeland,  section  through,  311* 
Oeningen,     Germany,    amphibian    from, 

x68,  169,  171* 
Oesel.  section  through,  311* 
Ohio,  Devonian  in,  400;    FaOs  of,  32 x; 
'  Mississippian  of,   440;    Pennsylvanian 

of,   482;     Silurian   of,   335;    Waverly 

group  of,  44S 
Ohio  black  shale,  400,  44X*;  fish  of.  4x2*; 

origin  of,  410 
Oil  in  Berea  sandstone,  440,  441;    Mio- 
cene, 792,  793,  794;    Onondaga,  395; 

Trenton,  291,  395 ;  see  Petroleum 
Oklahoma,   Cambrian   of,    245;    Coman- 

chean  in,  691,  692;    Mississippian  of, 

454;      Pennsylvanian    of,     482,     484; 

section  of  Ordovician  of,  374* 
Otcoslephanus,  709,  729;  asterianus,  728*; 

hganianus,  728* ;  Iraski,  728* 
Old  Castile,  Spain,  Wealden  in,  7x1 
Old  Graywacke  series,  p,  xo*,  256,  309; 

on  map,  12*;  subdivision  of,  X1-X4 


CHdkamia,  523 ;  decipiens,  524* 

Old  Man  of  Hoy,  415* 

Old  Red  Sandstone,  9,  xo*,  xi,  16,  373, 
4x3*,  414*,  4x7*.  4S6,  457*;  acantho- 
dian  ahaik  from  the,  593 \  594*; 
cydostomous  fish  from,   590*;    fossils 

of,  429»  432,  4M*.  435*.  S9i*-S94*: 
on  map,  X2*;  origin  of,  4x3;  ostxacxi- 
denns  from,  x67^  592* 

Olean  conglomerate,  479,  480,  481*. 
482* 

Oleneilus,  235;  fauna,  236,  238,  239^ 
244;  tk&mpsom,  232* 

Oknoides,  235,  243,  246;  fauna,  244,  246; 
curtkei,  233* 

OUniu,  235,  247;  tnmeaius,  23$^ 

Oligocene,  /p,  20,  781,  787-790.  794. 
798*,  8x3*,  8x5*,  table  facing  782; 
amber,  insects  in,  83  x;  brachiopod, 
825*;  brown-coal,  German,  814*; 
corals,  824*;  echinoids,  831,  834*; 
Foraminxfera,  790*,  821;  gastropods» 
827*,  828*,  830*;  horses,  -852*;  life, 
840,  84X,  844,  84s,  847,  850,  8x3-856, 
858-860;  palcogeographk  maps  of, 
802*,  812*;  pigs,  844*;  acnipioo, 
149*;  spiders,  150*,  XS2 

OUgocenic,  20,  78X ;  see  Ofigooene 

OUgoporus  done,  472* 

Omphahtrockus  wkiineyi,  498* 

Ompkyma,  360;  subinrbmaham,  359* 

Oncoceras  pandiau,  305* 

Oneida  conglomerate.  314 

Oneida-Shawangu^  congiomenite,  389* 

Oneonta  beds,  377*,  5^^386*;  fossai 
of.  387* 

Onondaga    Hmestone,    315*,    324*,    325, 

377.  381,  382*,  389*,  394.  406*;  cxwal 
rsef  fauna,  403,  404;  extent  of  cxnal 
reefs  of,  394;  fossils  of,  383*,  384^ 
4x8*,  419*.  42i*-430* 

Ontaric  system,  29 

Ontario  division  of  formations,  15 

Ontogeny,  S9t  60 

Onychaster  flexUis,  589* 

Onyckocdla  digitata,  7^5* 

Onychocrinus  exculptus^  469* 

Onychoteuthis  barUingii,  128* 

Oolite,  Middle  Mississippian,  450 

Oalites,   the  Jurassic,   xo^   xx,   18,   604, 
643.  659*.  66o*;    pefecypods  of,    ii8*, 
119* 
I  Opabinia  regaUs,  576^ 
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Operctdina,  823 

Opkileta,   304;    comptcia,   261*;    fctoto, 

Ophiogbssw,  71 
OpkiopMis  acuUala,  i6x* 
OppeUa,  673 ;  temiUobiUa,  674* 
OrbicuMdea,    557;     fl»iei»a,    558*;  '  ^- 

cAra,  $58* ;  randaUi,  558* 
Ophimoidea,   90^    162 ;     Pakeosok,    587* 

589* ;  S€€  also  Brittle  stars 
Opit,  670 ;  gold/ussiana,  669* 
Opbthobranchia,  746 
Opisthoparia,  574 
Opossums,  836,  840 
Orbitoides,    789,    790^    821;     mattktti, 

789.  790* 
OrbUMes,  823 
Orbiiremites    derbyensit,   159^;    norwoodi, 

159* 

06flilMa,  542** 

Orcktlinum,  153* 

Orckestia,  145 

Orders  of  organisms,  tf^ 

Ordovices,  14^  territory  of  the,  12^ 

Ordovician,  10*,  20,  183*  184,  193,  256- 
J08;  algK,  308;  brachiopods,  26i\ 
263*,  264*,  270*,  301-303*,  557*,  559*. 
562*,  563*;  Bryozoa,  301,  302*;  cal- 
careous algc,  261*;  cephalopods,  262, 
281*,  304,  305*.  569*;  characteristic 
sections  of,  260-292;  ckMing  stages  of 
American,  293;  corals,  281*,  301; 
crinoids,  307*,  308;  cystoids,  158*, 
307*,  308;  ecMnoid,  589*;  eurypterids, 
308;  6sh,  591;  gastropods,  262*, 
263*,  270*,  285*.  292*,  303,  304*; 
graptolites,  99  *,  266*-269*,  283*,  290, 
291*,  295,  301,  S49*-5Si*;  insects, 
308;  life  of,  301-308;  map  of  out- 
crops of,  in  North  America,  258*;  of 
Europe  and  Asia,  294-300;  ostraco* 
derms,  308;  ostracods,  282  ^  306*, 
308;  palsogeographic  maps  of,  275*, 
276*,  277*,  278*;  pelecypods,  282, 
283,  285  •,  303,  565*,  566*;  phyllocarid 
Crustacea,  146*;  relations  of,  to  older 
formations,  259;  sponges,  301,  546*; 
starfish,  308;  stromatoporas,  553*; 
subdivisions  of,  259,  260;  ^stem, 
14;  trilobites,  262*,  264*,  294*,  296*, 
299*,  306*,  308;  worms,  585*;  see 
Lower  Silurian 

Ordovidc,  20,  256 ;  see  Ordovician 


Oregon,  Comanchean  and  Cretaceous  of, 

708 
Oreodonts,  844, 845 
Organic  evolution,  fossils  as  lecords  of, 

53-62 
Organic  kingdoms,  64 
Organ-pipe  coral,  1 1  x  * 
Organisms,  aquatic,  69;    benthonic,  64*, 

65*,  69;  planktonic,  69*,  70;  sedentary 

benthonic  64*^67*,  69;  terrestrial,  69; 

vagrant  benthonic,  64*,  67*,  68*,  69 
Orion,  nebula  of,  176 
Orislumian  division,  377 
Oriskany  sandstone,  377*,  380,  387,  389*, 

390,  402;    fossils  of,  38o*-383*,  4*7*; 

time,  erosion  during,  394 . 
Orizaba  limestone,  687,  691.  692 
Orkney   Islands,    Devonian   volcano   on* 

417*;    OM   Red   Sandstone  of,   414^ 

415* 
Omithiachia,  756,  765,  770 
OmUkocheirus,  774 
OmithoUstes,  761*,  762 
Omithopoda,  765,  768 
Orokippus,  850,  851* 
Orophocrinus    Jusijormis,     159*;     skUi' 

formis,  471  *;  »»»»,  »S9* 
Orthatdaxgabbi,  830* 
Ortkis,  234,  263,  302;    American  species 

of,    560*;    group,   evolution   of,    557; 

testudinaria,    264*;     tricenaria,    303*, 

560*;  vfemplii,  270* 
Orthoceras,  422,  570*;    anguiatumt  364*; 

annukUum,  364*;    eriense,  427*;   jun- 

cetim,   305*;    medtdlwe,    364*;    tmm- 

dum,  130* 
Ortkoceras    type,     130*;     evolution    of, 

568*,  569*;   limestone  of  Baltic  region, 

2S7»  296,  297* 
Orthogenesis,  60 

Orthogenetic    development,    see    Ortho- 
genesis 
Orthonema  conicum,  497* 
Orthonota  carinala^  426* 
Ortkonychia  subrecium,  427* 
Ortho-ontogenesb,  60 
Orthopkragmina,    790*,    822;     limestone^ 

table  facing  782 
Ortho-phylogenesis,  60 
Orthofkynckuia  Unneyi,  304* 
Ortkoiketes,  493,  559 ;  crassus,  494* 
Osage-Kinderhook  group,  440 
Osculum  of  sponges,  p^,  95* 
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OslecUpis,  429;  macroUpidohu,  435* 

Ostia  of  sponges,  95* 

Ostracoda,  90,  144*,  X4S*;  Cai1)oiuc, 
498,  499*;  Cretaceous,  733,  734;  De- 
vonian, 424,  432*;  Mesozoic,  748; 
Miasissippian,  468*,  469;  Ordovidan, 
282*,  306*,  308;  Pakeozoic,  575; 
SOuiian,  325*.  329*.  34^,  363,  367* 

Ostiaoodenna,  90,  167^,  x68;  Devonian, 
408*.  409 •,  42s,  434*.  591*.  S92*; 
Oidovidan,  308;  Fabeosoic,  591,  592*; 
Silurian,  370 

Ostrea  carinakit  4,  6,  7;  cangesta,  706*; 
Jakata,  706*;  ghbra,  706*;  hrva, 
707;  marshi,  670*;  quadriplicata,  69^^  l 
virginiana,  565* 

Oswego,  New  York,  Ordovidan  section 
at,  279* 

Oswego  sandstone,  260,  285,  291 ;  in 
section,  279* 

Otisville,  New  York,  section  at,  331* 

Otoceras  woodwardi,  607* 

OUnamiUs,  641 ;  macombU,  641* 

Ottweiler  series,  486,  489!*,  491 

Ouralian,  486 

Ouray  limestone,  440 

Outer  Hebrides,  andent  rocks  of,  9 

Ovibos  mosckahu,  899* 

Owen,  David  Dale,  16*,  438 

Oxen,  842 

Oxford  Clay,  lo*,  605* 

Ozfordian,  645 ;  fossik  of  the,  674* 

Oxybdoceras  aressum*,  733;  see  Piycko- 
ceras 

Ozarkian,  254 

Ozark  Mountains,  basal  Paleozoic  con- 
tact in,  183 ;  Cambrian  of,  233 

Pachypodosauria,  757 
Padfic  Coast  Tertiary,  table  facing  782 
Pacific  faunal  province,  Cambrian,  229- 
231;    Cambrian  fossils  of,   232^-235*; 
Silurian,  337,  349*.  35© 
Padfic  Province,  Cambrian  of,  242-247, 

252,  253 
Packsaddle  Mountain,  Texas,  basal  Paleo- 
zoic contact  in,  184* 
Painted  Desert  beds,  6x8*,  619 
Palaacnuea  scentUa,  234 ;  iypica,  230* 
PdaanUtropus  heidelbergensis,  907 
PdUtaster  eucharis,  587* 
Palaechimu,  589 ;  eiegans,  590* 
PalsBo-,  as  prefix  for  time  periods,  226 


Paiaocampa  anthrax,  583* 
PaUtocaris  typus,  578* 
Palsocene,  19,  20,  781,  787.  798»  8i3. 
848,  table  facing  782;  distiirbuiioe% 
782-^85;  folding,  intennontane  de- 
pressions due  to,  796;  Foimminifera, 
821;  fossils,  835*;  horse,  851*;  mi- 
gration of  mammah,  840;  of  Eitrope, 
Asia,  and  Africa,  8o6-8oq;  ocogenic 
disturbances,  738;  pakeogeogiBiiluc 
maps  of,  806*,  808*:  plantsik  821*; 
volcanism,  785 

PalBOcenic,  781 ;  see  Palcocene 

PalcocordiUeran  geo^yndine,  246;  fold- 
ing of  deposits  of,  533 ;  secticHi  across, 
249* 

Palacocordillenui  Mountains,  fonnatioo 
of,  475,  533.  534.  6i6»,  617;  overlap 
of  Triassic  away  from,  618*;  pene- 
planation  of,  680;  Triafiic  cfosion  of, 
617 

Paiaocyparis  priuceps,  742* 

Paletocypris  edwardsi,  14s* 

PaUtodiscus,  s88 

Talcolithic,  Acheulian  stage  of,  913; 
Aurignadan  stage  of,  917;  Azifian- 
Tardenoisian  stage  of,  919;  Chdlean 
stage  of,  913;  culture  stages,  883, 
912-920;  implements,  9x2,  9x3* ;  Mag- 
dalenian  stage  of,  918;  Mousterian 
stage  of,  9x3 ;  Pre-Chdiean  stage  of, 
913 ;  races  of  man  of  Later,  914 

PaiaomastodoH,  859*,  860 

Pakumeryx  anoceras,  846*;  eiegans,  846* 

Paktoneilo  eansiricta,  565*;  emarginata, 
426* 

Palseonisddc,  749,  75o 

Palaoniscm,  595;  freiesld)eni,  5x2* 

Pakeopakemon  newberryi,  578* 

PaUEopkonus  caledonicns,  149*,  36S* 

PaUEOspondylus  gunni,  590* 

Paktostackys  ehngata,  79* 

Palcotheres,  847 

PaUeotherium,  847 

Paleozoic,  9.  20,  174.  175.  X93.  208- 
603;  algae,  538,  539*.  540*;  amphib- 
ians, 595-600;  amphipods,  578*; 
animals,  542-603;  basal  contact  of, 
181-185;  basal  sandstone,  224;  blas- 
toids  of,  586;  brachiopods,  114*,  1x5*, 
1x6*,  5S6*-564*;  branchiopods,  574. 
576*,  577*;  Bryozoa,  554-556;  cepha- 
lopoda, 567;  '  drripedes,   577*;    ooou- 
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larids,  127*,  567;  corals,  553,  554; 
crinoids,  586;  Crustacea,  I4o*-z45^ 
574'-578*;  cyprids,  S77;  cystoids, 
586;  development  of  life  during,  536- 
603;  domes,  erosion  of,  483;  echino- 
'  derms,  586-591 ;  echinoids,  164,  165, 
588,  590*;  emergence  of  continents 
at  end  of,  535;  eurypterids  of,  148*- 
I4q;  extinction  of  littoral  fauna  at 
end  of,  535;  fishes,  S90-S9S*;  gastro- 
pods, 566,  567;  general  characters  of 
the,  208-217;  geosyndines  of  North 
America,  554*;  graptolites,  549*- 
552*;  hobthurians,  589,  590*;  in- 
sects, 581-584*;  land  masses  of  Europe, 
214-215;  land^  masses  of  North 
America,  212-214;  merostomes,  148*, 
149 *t  578,  579*;  moimtain  making 
towards  the  close  of  the,  475;  myria- 
poda,  581,  583*;  ostracoderms,  591; 
ostracods,  575;  pclecypods,  565*,  566*; 
phyUocarida,  577,  578*;  phyllopods. 
574;  plants,  538-542;  Protozoa,  542- 
547;  pteropods,  567*;  red  bed  series 
of,  530;  reptiles,  S98*-6o3*;  schizo- 
pods,  578*;  scorpions,  579,  582*; 
seas  and  land  masses  of  Asia,  215-217; 
seas  and  lands  of,  20&-211;  series, 
7*.  8;  sharks,  593*,  594,  595*; 
spiders,  580;  sponges,  543*^548;  star- 
fish, 587*,  588*;  stratigraphic  break 
at  base  of,  324;  stromatoporoids, 
553>  -553*;  tetraseptata,  104*;  time, 
cbsing  events  of,  530-535;  tribbites, 
574*;  worms,  583-585* 

Palisades  of  Hudson,  sectbn  to  Con- 
necticut Valley  from,  6zz*;  Triassic 
of,  606;  trap  sheet,  611*,  614* 

Paludina,  52*,  711,  814,  827,  884;  A«r- 
nesi,  831*;  neumayri,  831*;  varbus 
types  of,  831* 

Paluxy  sandstone,  689* 

Pampas,  ground  sbths  of,  897*,  898*; 
Quaternary  mammals  of  the,  881 

Pamunkey  formatbn.  787,  table  facing 
782 

Pantnka  rohusta,  426* 

Pannonian  basin,  811,  817 

Panochikus,  896 ;  hAenulaius,  8g8* 

Panorpct  154 

Pantotheria,  778 

Paolia  vetusta,  584* 

Paracydas  eUiptica,  436* 


Paradoxides,  234,  335,  341,  343;  hohtmi- 
CHS,  233*;  fauna,  242;  harhm,  333*; 
series,  240 

Paragaster  of  sponges,  95* 

Paraguay,  Upper,  termites'  nests  of,  44* 

ParaUelodon  obsolelus,  495* 

Paramylodon,  894*,  895 

Parasmilia,  105* 

Parastropkia  kemipHcata,  264* 

Parasuchia,  754 

Pareiasaurus  serridens,  598* 

Paris  basin,  Eocene  of,  8x3*;  Eocene 
mammab  of,  847;  gypsum  beds  of, 
814*,  815;  Oligocene  of,  815;  rocks 
of,  811 ;  Tertiary  fossils  of,  828*,  829*; 
Tertiaries,  779,  780;  type  sectbn  of, 
29 

Parkinsania,  673 ;  parkinsoni,  672* 

Parkwood  formatbn,  454 

Patapsco  formation,  694 

Patettat  5^71  longicosta,  125*;  vulgatOt 
120* 

PaUrina,  556* 

Paterson,  New  Jersey,  minerals,  615 

Patinopecttn  heaUyi,  826* 

Patuxent  formation,  695 

Paviland  Grotto,  Wales,  914 

Peat  moss,  79 ;  see  Sphagnum 

Peccaries,  843,  844,  866 

Pecopteris,  S04;  vestita,  $02* 

Pecten,  792,  826;  asper,  727*;  chocta- 
vensis,  825*;  healeyi,  826*;  modi- 
sonius,  825*;  marylandicus,  825*; 
steamsii,  826* 

Pectuncidus  pectinijormis,  118* 

Pedicle  in  brachiopods,  113*,  114*,  115* 

Pedicle  valve,  113,  114*,  115* 

Pediculus,  151* 

Pdecypoda,  90,  115-120;  Cambrian, 
234;  Carbonic,  495*,  496,  526*; 
Comanchean.  690*,  693*,  709*,  727; 
Cretaceous*  699*,  701*,  706*,  720*, 
721*,  727*;  Devonian,  384*,  387*, 
422,  425*.  426*,  565*,  566*;  Jurassic, 
651*,  661*,  669*,  670*;  Lower  Cre- 
taceous, 712*;  Mesoxoic,  745,  746; 
Miocene,  818*;  Mississippian,  461, 
462*,  466*,  468,  565*;  Ordovidan, 
282,  283,  285.  303,  565*,  566*:  Palaeo- 
zoic, 565*,  566*;  Permian,  525*,  526*; 
pliocene,  820*;  Quaternary,  879*, 
880*;  Recent,  825*,  826;  Silurian, 
350*,  362*,  363;  .Tertiary,  745,  746, 
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824,  825*;  Triassic,  624*,  631*,  635*, 
639*.  640 

Pelecypod  shell,  external  parts  of,  1x7*; 
interior  characters  of,  118*;  orienta- 
tion of,  1X7* 

Pelmatozoa,  Mesozoic,  749 

Peliura  scarabeBoides,  142* 

Pelycosauria,  602,  751,  754 

Pelmatozoa,  586 

Pennine  Chain.  Permian  of,  5x4* 

Pennine  escarpment,  456,  457* 

Pennington  shale,  454 

Pennsylvania,  Carbonic  aUuvial  fans  in, 
479*,  480*;  Catskill  beds  in,  385; 
Devonian  in,  385,  387,  398;  Kanawha 
series  in,  482;  Mississipptan  of,  440, 
443;  Ordovidan  in,  268,  273,  289; 
Ordovician  sections  in,  274*,  285, 
286* ;  Silurian  of,  330-334 

Peimsylvanian,  17,  20,  439,  475~~529; 
disconformity  at  base  of,  477,  478* ;  life 
of,  492-505;  orogenic  dbturbances  of, 
492;  palsogeographic  development  of, 
in  eastern  United  States,  483-486;  see 
also  Carbonic 

Penokee  area,  Wisconsin,  Animiki  of, 
X9X 

Pentacrinoids,  155 

Pentacrinus,  157*,  675;  astericus,  652; 
ca put-medusa,  X56;  fascicvlosus,  677* 

Pentameroid  group,  559 

Pentamerus,  36X;  nettelrothi,  361*;  ob- 
iongus,  318*,  319 

PentremiteSf  162,  469;  conoideus,  471*; 
ehngatus,  471*;  florealis,  158*;  godoni, 
159*;  ^yny(t^rmw,  158* ;  im/co/mj,  158* 

Peorian  interglacial  stage,  866 

Pepkricaris  horripilata^  433* 

Pepino  formation,  table  facing  782 

Perforata,  p2* 

Perieckocrinus  omatus,  369*;  tennes- 
seensiSf  369* 

Periods,  geological,  19 ;  table  of,  20 

Periplanata,  153* 

PerischoiKrhinoidea,  588 

Peris  phincks  tizianif  673* 

Perissodactyla,  837*,  839,  840,  841,  847- 
858 

Perm,  Gouvemement  of,  X7,  507 

Permian,  4,  7*,  17,  20,  30,  506-529; 
ammonites,  527*;  amphibia,  529,  597  *» 
600;  brachlopods,  514*,  523,  524*, 
525*;    Bryozoa,  523,  S24*;    calamites. 


529;  cephabpods,  525,  5^7^;  coni- 
fers, 528*,  529;  ferns,  529;  fish,  512^ 
5x3*1  535;  ^h  scales,  594*;  Foramini- 
fcra,  523;  gastropods,  525,  526*; 
glacial  deposits  of,  5.20-523;  glacia- 
tion,  causes  of,  523;  insects,  529; 
Lepidodendrons,  529;  life  of,  523- 
529;  myriapods,  529;  of  Asia,  520; 
of  Europe,  507-5x6;  palcogeogtaphic 
maps  of,  5x5*,  5x9*;  pdecypods,  525*. 
526*;  plants,  512,  5I3*,  52x;  reptUcs, 
529,  598*-6o3;  Sigillarias,  529;  trilo- 
bites,  525 

Permic,  20,  506 ;  see  Permian 

Persia,  Lias  in,  666;  Miocene  in,  818, 
8x9 ;  Misaissippian'  in,  462 ;  Permian 
in,  520 

Peru,  Cretaceous  in.  697 

Petaiia  longialata,  663^ 

Pefalospyris  torona,  93* 

Petrifaction,  32 

Petroleum,  Miocene,  792,  7^3,  794 ;  Olean- 
Bradford,  400;  Tertiary,  of  Baku,  8x7; 
Tertiary,  of  Roumania,  817^:  set  also 
OQ 

Pkacdopara  pertemiis,  555* 

Pkacoceras  dmmbUif  572* 

Pkacops,  422;  macrophlkalimu,  14a*; 
f(Mw,  384* 

Phsophycee,  71 

Phanerogamous  plants,  71 

Pkaneroirema  lahrosa,  427* 

Pkcnacodus,  837*,  838 

Pkillipsastraa,  417;  gigas,  421* 

PkilHpsia,  469,  498,  574 ;  hdimsis,  46S* 

Pkalidops,  557 ;  AomiUoftftf,  559* 

Pkoiidostrtfpkia  iewaensis,  424* 

Phosphate  beds,  Miocene,  788;  Palaeo- 
cene,  807,  809 ;  Tennessee,  29a*,  293 

Pho^horia  formations,  620 

Pkragmoceras,  363;  nestor,  365* 

Phragmocone  ot  belenmites,  139* 

Phyla,  64 

Phyllocarida,  145,  146*,  147^;  Palaeo- 
aoic,  577,  578* 

PhylloceratidsB,  747 

Pkylioceras,  709,  729;  heUropkyUwrn, 
X34*;  knoxvUknse,  728*;  nsissom,  58* 

Pkyllograpius,  267,  295.  338.  550,  551, 
673 ;  typus,  266* 

PhyUopods,  Palsoxoic,  574;  Txiasac, 
641 

Pkyliopara,  523 
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Pkylhporina  reticiUata,  30a* 

Phytogeny,  $9*  60 

Pkysa,  52*  I2S,  831;  copii,  73D* 

Pkysaiia  arethusa,  69* 

Piedmont  basin,  Cretaceous  in,  685 

Vieris,  154 

Pierre  shale,  686;    fossils  of,  699*,  701*, 

706*,    733*;     Tepee    Buttes    in,    701, 

702* 
Pigs,  839.  842,  843 
Pikes   Peak,    Cotoiado,   basal   Paleozoic 

contact  in,  183 
Pileopsis  varicus,  125* 
Piltdown  man,  883,  9o8*-9io;  race,  912 
Pinacoceras  meUemickif  58* 
Pines,  71,  89* 
Pinna  .squamosa,  xi8* 
Pinnatopofa     carinala,     423*;      canferta, 

464* 
Pinus  sylvestris,  89* 
Pioche  shales  and  sandstone,  245* 
Pipe-stone  of  Scotland,  43,  238 
Pima,  Saxony,  section  near,  4^ 
Pisces,  90 ;  sfe  Fishes 
PUkecantkropus,    67,   912;    ereclus,   90S; 

skull,  906*;  thigh  bone,  907* 
Pitt  formation,  624 
Pittsford  shale,  3x4 
Pilyoxylon  pealn,  35* 
Placentalia,  837 
Placenticeras,     731;"      intercalare,     733*; 

idanum,  SS,  S6*;  wkiifieldi,  733* 
Placenticeras    planum,    evolutional    series 

derived  from,  55,  56*.  57* 
Plagiaulacids,  837 
Plains,  glacial,  865 
Plaisancian,  table  facing  782 
Pldner  Kalk,  684 

Planetesimal  hypothesis,  176,  178,  179 
Planetesimals,  178,  179 
Planets,  177 

Plankton,  69*,  70,  93,  157 
Planktonic  organisms,  69^  70;  Protozoa, 

93 
Planolites,  583 ;  corrugatus,  i88* 
Planorbis,  52 •.  665,  734,  814,  831,  884; 

convolutus,  7Z9* ;  multiformis,  t^i* 
Plantigrade    mammals,    836;     mode    of 

progression,  842 
Plant  kingdom,  subdivisions  of,  71 
Plants,    characters    of    types   of,    72-89; 

Devonian     land,     436*,     437;     fossil, 

as   indicators   of   types   of   sediments, 


51;     Jurassic,    667;     Mesoooic,    740- 

744;      Palaocene,     8ai*;      Palsoxoic, 

538-542;     Permian,    512,'   5i3»,    521; 

Rbetic,  611,  641  •,  642;  Triassic,  641*, 

642* 
PlaUcarpus  corypktms,  751* 
Platyceras,  422,  566;    kuccuUnhm,  427*; 

4winatum,     427*;      dilataium,     427*; 

magnificum,  427*;    panum,  496*;    re- 

Jlexum,     427  ♦;      symmOncum,     427*; 

uuguiforme,  427* 
Platycrinus   hurUngtonemis,    470*;    kaili, 

469* 
Platyhelmintha,  90,  139-140 
Platysomus,  5x2,  595;   pM>osus,  5x3* 
Platystropkia,  263,  264*,  302;    acuHliraia, 

303* 
Platytrockus  stokesi,  824* 
Plauen  Gorge,  section  in,  6* 
Plauenscher  Gnmd,  section  in,  6* 
PUctamboniUs,    302,    559;     sericeus,    263, 

264*;  transversalis,  320* 
Plectorthis  caUigramma,     303*;    fissicosia, 
'  560*;  pNcdteUa,  303*,  560* 
Pleistocene,    20,    864;     carnivores,   893*, 
894* ;  deposits,  879 ;  ice-sheets  of  North 
America,  map,  872*;  ice- sheets,  waning 
stages  of,  873;   interior  continental  de- 
posits, •  880 ;    lakes  of   inclosed   basins, 
878;   life,  840,  84X,  845,  846,  856,  860, 
86 x;   ice  dams,  877;    ice  embayments, 
877;    loess  of  Mississippi  Valley,  881; 
mammals,    892;     marine    deposits    of 
Atlantic  coast,  879 
Plesiosauridie,  753* 
Plesiosaurs,  X70;  Cretaceous,  736 
PUsiosaurus,  679 ;  dolichodeirus,  68o^  754 
Pleurobrackia  rhododaciyla,  ixx* 
PUurocysHteSt     308;      squamosus,     158 

307* 

PUurotoma,     827;      biscatenaria,     830 
caSapkracta,  830* 

PUufotomaria,  422,  671;   fteuriausa,  47 
group,  566;    minoisensi,  496*;    lucinn 
427*;     mississippiensis,    466*;     regu 
lata,    427*;     sphtrulata,    496*;     tur- 
hiniformis,  496* 

Plicatocrinids,  749 

Pliensbachian,  645 

Pliocene,  iq,  20,  78X,  788,  795.  ^^^ 
facing  782;  gastropods,  827*,  831*; 
hydroid,  lox*;  life,  840,  843,  845, 
847,  8.<v  8s7>  860,  861;    migration  of 
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maminiils,    S40 ;    Nonrer,   781 ;    Older, 

781;      palaeogeographic     maps,     804*, 

819*;  pdecypods,  820*,  826* 
Pllocenic,  781 
Pliokippus,  853 
Plumularia  pennatula,  97* 
Pneumatophore  of  graptolites,  69*,  zoo^ 
Pocahontas  beds,  480;    regioo,  Virginia, 

alluvial  fan  in,  478,  479* 
PociUopora  ekganSt  107* 
Pocono  alluvial  fan,  446*;  on  map,  442*; 

sandstone,  440,  443,  445,  446* 
Podocysiis  sckonsburghi,  93* 
Podokesaurus  kolyokensis,  757* 
PodotamUes,  667;    crassifolia,  641^;    em- 

moHsi,  642* 
Point  L6vis,  Canada,  Ordovidan  grapto- 

lite  shales  of ,  275 
Poland,   Eocene  in,   815;    Lower  Creta- 
■   ceous  of,  714;  Wealden  of,  712 
Polandian  glacial  stage,  883 
Poles,    displacement   of,    306,   523,    890, 

89I* 
P4fUumUa    cremtlata,     363*;      scamnata, 

363* 
Polygnaius  coronatus,  432*;  crassus,  432*; 

dubitu,  432*;  solidus,  432* 
Poly  podium  vulgare,  82* 
Polypora,  523 
Polyps,    coral,    102,    103*,    109*,    iii*; 

hyraid,  96*,  97*.  98*1  99i  lOO*.  103  • 
PolypUrus,  x68*,  595 
Polyzoa,  90 

Pompeii,  as  fos^sil  city,  45 
Pontian,    table   facing    782;     pelecypod, 

8i8* 
PopcmoceraSt  S^S\  multistriatum,  527* 
Porcettia  crassinoda,  466* 
Porifera,  91,  93 ;  see  Sponges 
Portage-Oneonta,  in  New  York,  401* 
Portage  shales,  377,  383,  391*,  394*^  396*, 

397  *»  437*;    crustacean  in,  147*;    fos- 
sils of,  398* 
Port   Ewen   beds,  377*,  380,  386,  389*, 

402;  folding  of,  531* 
Port  Jackson  shark,  169*,  170* 
Portkeus,  752* 
Port      Kennedy      Cave,      Pennsylvania, 

Pleistocene  mammals  in,  895 
Portland    beds    of    England,    lo*,    645; 

and  Purbeck  beds,  605* 
Portland  cement,  379 
Portlandia  arctica,  879* 


Porto  Rico,  789;    Comancheaa  of,   688; 

Cretaceous  in,  696 ;    Miocene  in,   791 ; 

Oligocene   in,   787;    Palaeooene   niQun- 

tain  chain  of,  783 
Portuguese  man-of-war,  70 
Posidonia  becheri,  461, 462*;  slates,  quany 

in,  6s6»-6s8* 
Post-Appalachian     geossmcUne,     Coman- 

chean  of,  693-695 ;  formations  of  the,  532 
Potamogeton,  68* 
Potash  salts,   Oligocene  of  Alsace,   813; 

Triassic,  628*;  Zechstein,  506,  516 
Poteriocnas  ampkora,  428*;   kyMi.  428* 
Potomac  group  flora,  742 
Potsdam    sandstone,     182*,    183,     185*, 

220,  223,  249*,  250*,  2Si*f  264;  biacbio- 

pods  of,  229*;    contact  of,  with  pre- 

Cambrian,  182*,  183;  in  section,  265*; 

of  Lake  Champlain,   260*;    track   in, 

41*,  42*;  trilobite  of,  234* 
Pottsville,  Pennsylvania,  alluvial  fan  at, 

478,  479* 

Pottsville  alluvial  fan,  479*;  section  of, 
4«o*,  483* 

Pottsville  conglomerate,  4^8,  479,  480* 

Prairie  wolf.  Pleistocene,  895 

Prasopora  Hmtdairix,  302* 

Pre-Cambrian  calcareous  algse,  188*, 
189*;  gladation,  204-207;  Lewisian 
gneiss,  201;  merostome,  188*;  non- 
marine  origin  of,  537;  of  the  Canadian 
region,  190-199;  of  Finland,  203*, 
204;  of  Lapland,  section,  203*;  of 
Scotland,  201,  202*;  of  Wales,  10*; 
overlap  of,  in  PaUeo-Cordilleran  geo- 
S3mcline,  246* ;  palcogeographic  map  of 
North  America,  200* ;  rocks,  tj'pical  ex- 
posures of,  187-204 ;  worm  burrow,  188* 

Pre-Chellean  stage,  883,  913 

Predentata,  765 

Pre-geologicftl  stages  of  earth  history, 
176-179 

Pre-Palarozoic,  173-175.  180-207 

Prestwickia^  499,  579;  dantt^  500* 

Prevailing  (planetary)  winds,  change  in 
direction  of,  at  end  of  Paleozoic,  532; 
change  in  direction  of,  in  Mesozoic, 
6x5,  6x6 

Price  sandstone,  453* 

Primary  rocks,  4*,  6*,  7*,  8,  9,  20 

Primates,  840 

PrimUia  cincifmaiieHsis,  306*;  semimm- 
lum,  432* 
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Prtmitiella  unicornis,  306* 
PrimUiopsis  punctuli/era,  432* 
Primitive  rocks,  j,  S,  604;  see-Urgebirxe 
Prioniodus  alatus,  433*;    armatus,  432*; 

Panderi,  432* 
PrionocycluSf  700;  wyamingensis,  700* 
Prionodesmacec,  565,  745 
PHonotropus,  700;  vfodgaH,  700* 
PrismatophyUum,  4x7 ;  davidsonif  420* 
Prismodictya  prismaticat  418* 
Probosddea,  840,  858-861 ;  origin  of,  840 
Proboscina    frandosa,     555*;      tumulosa» 

555* 

Proboscis  in  Paleeotheres,  847 

ProclydonauiUus  triadicus,  639* 

Prodissoconch  in  pelecypods,  565  ^  566* 

Prodromiks  gorbyi,  467* 

Prodryas  persepkonet  833* 

PfodudeUa  arcuata,  465*;  kaUana,  398*; 
speciosa^  398* 

Productive  series,  Lower,  478 ;  Upper,  478 

Productus,  468,  493.  522,  523,  559;  W- 
seriatus,  465*;  burlingtonensis,  465*; 
cora,  494*;  costatus,  494*;  giganUus, 
466*,  461,  462 ;  fx;afile«5  fauna,  distri- 
bution of,  460-463 ;  giganieus  limestone, 
491;  karridus,  5x4*,  523;  limestone, 
520;  hngispinus,  461  ^  494*;  nebras- 
kcensU,  494*;  punclatus,  494*;  jem»- 
reiicMiatut,  494* 

ProHtus,  422;  f^ivt,  431^ 

Proparia,  574 

Propteticus  injemus,  501* 

Prospect  Moimtain  quartzites,  245* 

Prosser,  Charies  S.,  Permian  studies  by, 
S07 

Protarthropoda,  90 

Protengonoceras  gabbi,  734^ 

Protereisma  permianum,  584* 

Proterosauria,  751,  755 

Proterozoic,  9,  20 

Protobalanus,  577 

Protocofdium  kiUanum,  47* 

Protoceras    sandstones.    South    Dakota, 

798* 
Protochordata,  90 
Protoconch  in  NatUUtu,  131* 
Protodonta,  777 
Protokippns,  853 
Proiokumoceras  mednttare,  364* 
ProtoUnus  bed,  242 
PfDtolimulus,  579;  eriensis,  500* 
ProtophyUum  guadrtUum,  743^ 


Piotophyta,  71,  72 

Protorokippus,  85o*,  851* 

Protospongia  kicksi,  543^ 

Protozoa,    71,   91;    Mississippian,   462^ 

465 ;  PaUeozoic,  542-547 
Proiotyga,  563;  exigua^  562* 
Protrachyctras  homfrayi,  624 
Protylopus,  845*  846 
Province    of    Ontario,    Ordovidan    type 

section,  257 
Provincial  faunas,  50 ;  floras,  50 
Psammobia  Jlorida,  117* 
Pseudoceratites,  734*.  914* 
PseudocriniUs  gordoni,  369* 
Pseudodiadema  Uxanum,  737* 
PseudomonoHs,   525,   640;    Aouwt,   526*; 

Jkaffjo^efuti,    526*;    subcircnlaris,    624, 

625* 

Pseudomorphs,  39 

Pseudoniscus,  579 ;  roosevelH,  368* 

Pseudoplankton,  70 

Pseudopodia  of  Foraminifera,  93* 

Pseudosuchia,  755 

Psiloceras  phnorbis,  671* 

PsUophyton,  437 ;  princeps,  436* 

Psilotiae,  71 

Psychozoic,  p,  20,  174,  864-922;  life  of, 
892-922 ;  systems,  864-982 ;  see  Quater- 
nary 

Pteranodon,  736,  773*;  hngiceps,  772* 

Pleraspis  rostraia,  592* 

P^ta  sulcata,  495* 

Pterichthys,  429;  conitilitf,  167  \  434*; 
miUeri,  434^ 

Pteridophyta,  71,  79 

Pterinea,  422;  chemungensis,  426*;  j^a- 
bellum,  384* ;  ^nn ,  350* 

Pteroceras,  671;  joffi^,  125*;  oceam, 
670* 

PterocfutniafragUis,  426* 

Pterocodon  campana,  93* 

Pterodactylidx,  772* 

Plerodactylus,  679;  crassirostris,  681  •; 
spectabiiis,  772* 

Pteropoda,  90,  X26*,  127*;  Devonian, 
567*;  Mesozoic,  746;  PaUeozoic,  567* 

Pterosauria,  170;  Cretaceous,  736;  Ju- 
rassic, 679,  68 1  * ;  Mesozoic,  7 7 1  •-7 74* 

Ptilopora  cylindraceaj  464* 

PtomaHs  rudis,  427* 

Ptychoceras,  731;  ffie^J^ntMii,  733*;  «'«- 
*««»,  733* 

Ptychopgye  ancta,  143T 
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Ptyctodus  calceolus,  443,  473^ 

Puebla,  Mexico,  Eocretaceous  of,  687; 
Triassic  in,  646 

Pugttax,  562 

Pulaski  shales,  260,  282,  291,  453*;  sec- 
tion of,  279*,  a&4* 

Pulmonata,  567,  746 

Pumas,  841 

Pupura  la^us,  66* 

Purbeck  beds,  10  *,  605* 

Purbeckian,  645,  652,  665* 

Purisima  formation,  table  facing  782 

PycHomphalus  solarioides,  362* 

Pygidium  in  trilobites,  142*,  143 

Pyiope  dipkya,  669* 

Pyrenees  Mountains,  Triassic  in,  628 

Pyrgulifera  humerosa,  739* 

Pyrula,S27;  Unigaia,  122*;  rtu/icti/a,  829* 

Quachita   geoayndine,    Mississippian    of, 

454* 
Quader  Simdsiein^  4,  5,  684*  7i9*>  720 
Quaternary,   6,   19,    20;   gladation,  882; 

Ice  Age,   864;    invertebrates,  892;   of 

America,  864;  pelecypods,  879*,  880*; 

series,  8,  9 ;  systems,  864-892 
Queen   Charlotte   Island,   Cretaceous  of, 

7x0;  Tertiary  in,  796;  Triassic  of,  622 
Queensland,   Australia,   Mississippian  in, 

462 
Queenston  shale,   260,   291,  315*,  324*; 

in  section,  279*,  286* 
Quenstedt,    Friedrich    August,    portrait, 

644* 
Quercus  primardialis,  743* 

Quincy  granite,  241 

Quinqudoculinaf  822 

Rabbits,  Pleistocene,  895 

Raccoon,  841 

Radiak  in  crinoids,  75^,  158* 

Radiolaria,  91,  93*,  223;    of  the  Culm, 

461 
RadicliUs,    691,    697,    723;     ausUnensis, 

705 ;  davidsoni,  690* ;  UxanuSt  690* 
Radiolitidx,  746 
Radius,  849 
Rafinesquina,   302,   558;    aUemaSa,   116*, 

303* 
Rainy  Lake  District,  Ontario,  pre-Cam- 

brian  of,  192,  195 
Rancho  La  Brea,   California,   895,   896; 

restoration  of,  894* 


Rancocas  formation,  708 

Rapakiwi  granite,  203 

Rapkistomina  attleboroughensis,  230*,  234 

Raritan  formation,  708 ;  sands,  694,  695 

Rastrites,  357 ;  linii,  99* 

Rats,  839 

Recent  pelecjrpods,  825*,  826 ;  time  period* 
20 ;  see  also  Modem 

Recepiaculiies,  301,  546^  548;  ewcmi, 
300* 

Red  algsB,  71 ;  see  A]g« 

Red  beds,  Catskill,  384,  385,  401,  402: 
Juniata-Queenston,  283,  333;  Long- 
wood- Vernon,  331,  340,  342;  Mauch 
Chunk,  450,  453 ;  Triassic,  617 ;  Trias- 
sic of  western  United  States^  606 

Red  Bluff  clay,  table  facing  782 

Red  Wall  limestone,  484^  486 

Red-wood  trees,  86,  87* 

Reefs,  calcareous  algx,  634^  635*; 
Devonian  coral,  400*;  Jurasoic  apooge, 
661  •;  Silurian,  334*,  335 

Reindeer  moss,  79 

Relation  of  maps  and  sections,  24* 

Remdoceras  darkense,  571* 

Renssekfria  ovoides^  38a,  381* 

Replacement  of  calcareous  shells  by 
other  minerals,  37 

Repiaria  stclonifera,  423* 

Reptilia,  90,  169^  170;  Carbonic,  598*, 
601-603;  Comanchean  and  Cretaceous, 
736;  gastroliths  in  loasil,  46; 
Jurassic,  652,  655-658*,  663*,  679- 
681*;  Meso2soic,  750-774;  Paleozoic, 
598*,  599*,  6oo*-6o3*;  Permian,  529, 
598*-6o3*;  Tertiary,  835*;  Triassic, 
602  •,  603,  641 

Requienia,  689,  727;  ammoma,  712*; 
paiagiatay  690* ;  Uxana,  690* 

Resilium  in  pelecypods,  119 

Restored  sections,  geological,  2$,  27* 

Retardation  in  development,  59,  60,  6x 

Reticuhria  lavis,  398* 

Retudites,  357 ;  venosus,  318*,  319 

Rhactic,  18,  607*,  608,  63s.  655;  flora, 
611,  62s,  641*,  642,  741 

Rhamphorhynchidae,  770*,  77 1* 

Rkamphorkynckus,  679,  77i.  774*;  ««»- 
ntingi,  770*;  pkyllurus,  663* 

Rhine  gorge  cut  through  Dev<Muan,  4x2, 

413* 
Rhine    Valley  .region,    Quaternary    of, 

885 
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Rkinobatis  tmrabiUSf  679* 

Rhinocaris  scapkopiera,  413^ 

Rhinoceros,    839»    847,  856*.   8S7*»  SsS; 

aniifuiiatus,  902*;    wooUy,  901,  902*1 

90s 
RkmosUus  traquam,  S93* 
RkipidameOa,  422;  kybrida,  360*;  mkhe- 

Ini«»    465*;     P^eQsi,    494*;     vanuxemi, 

424*.  560* 
Rhodophycec,  71 

Rkoeckinus  ekgans,  472* ;  iracHis,  472* 
Rkombopora  tenuirama,  464* 
Rhynchooephalu,  1691  529*  75 1 
RkynchaneUa,  640,  667;    lacunosa,  669*; 

quadriplkata,  668* ;  vesperHlio,  726* 
RhyncboneUoid  group,  560,  745 
Rkynckospira  evax,  563* 
Rkynckotrewui,  56a;  ca^oar,  303* 
Rkynckotreta,  361 ;  eiMKala,  320* 
Rhyzoids  of  moates,  79 
Richmond  beds,  291,  393 
Richthojenia  lawrenciatuit  525* 
Ricnodon  copii,  598* 
Rio  Grande,  Comanchean  on  the,  691; 

Cretaceous  on  the,  698 
Ripley  fonnation,  705;    fossils  of,  699^ 

7o6*,  735*.  737* 
Rissian  glacial  stage,  883 
Robson  Peak,  British  Columbia,  292* 
Rochester,    New   York,   Ordovidan   sec- 
tion at,  286* 
Rochester  shale,  314, 315*,  317*,  j/p,  323*, 

324* ;  fossib  of,  3x9*.  320*,  321,  360*, 

367* 

Rock  City,  New  York,  Olean  conglomerate 
at.  481*,  482* 

Rocks,  chronological  classification  of,  1-20 

Rock-salt,  Jurassic,  648;  Middle  Mis- 
sissippian,  451;  of  Salt  Range,  India, 
355;  Permian,  5x7,  518;  Permian,  in 
Kansa%i^i9^;  Salinan,  340-344;  Ter- 
tiary, 796*,  799;  Triassic,  628^,  630: 
see  Salt 

Rockwood  formation,  334 

Rocky  Mountain  Front  Range,  Cam- 
brian of,  223;  Pennsylvanian  in,  484 

Rocky  Mountain  Protaxis,  486,  516; 
Pennsylvanian  elastics  derived  from, 
484 ;  rise  of,  478 

Rocky  Mountains,  Devonian  of,  375; 
formation  of,  7S4;  Ordovician  of,  258, 
273;  pre-Cambrian  of,  187-190;  Qua- 
tematy  alpine  gladers  in,  872 


Rodentia,  839,  840 

Rondout,-New  York,  section  at,  327*; 
section  to  Catakills  from,  377*;  water- 
lime,  314*  326*,  327*,  330*.  377*.  378; 
waterlime,  prismatic  layer  of,  327*,  328* 

Rosendale,  New  York,  section  at,  329^  wa- 
terlime, 330 ;  waterlime,  3 14, 330*,  389* 

RosteUaria  reetirosiris,  121* 

RoiaUa,  92*,  723,  724* 

Rdth  division  of  Bunter  sandstone,  628* 

RoMiegendes,  7*,  17,  489*,  506,  509; 
fossil  ferns  of,  83* 

Rothpletz,  Professor  A.,  in  Gotland  quarry, 

371* 
Rotti  Island,  Oceanica,  Lias  in,  666 
RoHdaria^  140* 

Roumania,  Tertiary  petroleum  of,  817* 
RMdistes  beds,  723 ;  fauna,  696,  697 
Ruminants,  846-847 
Rup61ian,  813*,  table  facing  78a 
Russia,  Carbonic  of,  489,  491;  Devonian 

of,  375;    Eocene  in,  815;    Jurassic  in, 

660,  666;    Lower  Cretaceous  of,  710; 

Mi9sissippian  of,   460;    Palieocene  of, 

806 
Rytioceras  cychpst  428* 

Saarbriickian,  486,  489*,  491 
Saar-Nahe    coal    region,    Germany,    sec- 
tion of,  489* 
Saber-tooth  tigers,  841,  866,  893*.  894*, 

895 

Saccocoma^  677 ;  pecii»ai4,  678* 

Saccocomidx,  749 

Saccocrinus  amahu,  369* 

Sftchsisch-Bdhmische-Schweiz,  4 

Sahara  Desert,  Devonian  in,  416 

St.  Bartholomew  formation,  787,  table 
facing  783 

St.  Croix  formation,  251 

St.  Genevieve  limestone,  440 

St.  John,  New  Brunswick,  Cambrian  of, 
239,  240*,  242 

St.  Louis  limestone,  440,  478*;  cross- 
bedding  at  base  of,  4So*;  fossils  of, 
463*,  46s*,  471*,  472* 

St.  Maurice  formation,  table  fadng  782 

St.  Peter  emergence,  296,  298,  591 ;  de- 
velopment of  land  life  during,  583; 
evidences  of,  265,  269,  273,  274,  296, 
297,  298 

St.  Peter  sandstone,  273 ;  erosion  of,  402 ; 
in    section,    274*;     micro-photographs 
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of,  273*;  Sylvania  sandstone  derived 
from,  344 

Saint-Prestian  interglacial  stage,  883 

Salamanders,  x68,  169 

Salem  limestone,  450,  455 

Salenia  prestensis^  165* 

Saline  Hills,  Fife,  Scotland,  section  in, 
458* 

Salina  group,  323, 389* 

Salinan,  313.  314,  340-344.  3SS 

Salix  prokafolia,  743* 

Salt,  connate,  343;  Oligocene,  8x2; 
Permian,  516;  Tertiary  of  Asia,  819; 
wells,  Salinan,  343*,  344*;  Zechstein, 
506 ;  see  Rock-salt 

Salterella,  567;  pukhella,  230*;  rugosa, 
230* 

Salt  Range,  India,  Cambrian  of,  254, 
255;  Permian  fossils  of,  524*,  525*; 
Permian  of,  520;  Tertiary  salt  of,  819 

Saltville  region,  451 

Salzburg,  Triassic  salt  of,  630 

Salzgitter,  Germany,  Triassic  section 
at,  628* 

Sand-doUar,  164 

Sangamon  intergladal  stage,  866 

San  Juan  basin,  799 

San  Lorenzo  formation,  7Q4,  table  fac- 
ing 782 

Sannoisian,  814^  table  facing  782 

San  Pablo  formation,  ygs,  table  facing 
782 

San  Rafael  formation,  table  facing  782 

Santa  Margarita  formation,  ygs 

Santo-Dotningo,  789;  Oligocene  in,  787 

Santonian,  685,  708 

Saratoga-Altamont  region,  Ordovidan  sec- 
tion at,  286* 

Saratogan,  252 

Sardinia,  Cambrian  of,  219,  239;  Tri- 
assic in,  629 

Sargassum,  70*,  75 

Sassafras  tree,  Cretaceous,  744 

Satellites,  177 

Saturn,  rings  of,  177* 

Sauripterus  iaylori,  596 

Saurischia,  7S6,  757.  7S8.  76a 

Sauromorpha,  598* 

Sauropoda,  763 

Sauropterygia,  753  *,  754 

Saxicava  artica,  880* ;  sands,  880 

Saxon-Bohemian  Mountains,  604;  Swit- 
zerland, 4*,  5*,  7 


Saronian  glacial  stage,  883 

Saxon  Switzerland,  730 

Saxony,  7 ;  rocks  of,  6* 

Scclaria  pretiosa,  125* 

Scandinavia,  Cambrian  of,  219; 
vonian  overthrusts  of,  417;  J 
flora  of,  741 ;  Quaternary  of,  884 

Scania,  Sweden,  giaptolite-bearing 
of,  308* 

Scanian,  883 

Scaphiocrinus  crineus,  470* 

ScapkiUs,  I36*,  700,    731;    nodosus 
brevis,  701*;    nodosus  var.  quadrangm- 
larist  701* 

Scaphopoda,  90 

SceneUa  reiiculata,  230* ;  reteia,  330* 

Schenectady  shale,  in  section,  286* 

Scheuchzer,  Johann  Jakob,  quoted,  169 

Schimper,  Carl,  19,  781 

Sckitodus  ckemungensis,  436* 

Schigopkoria,  433 ;  struUtdOj  424*  560* 

Schizophyts,  71 

Schizopods,  Palaeozoic,  578* 

ScUoenbackiat  731;  cristaia,  iss\  73X*; 
inflaia,  710,  730*;  ieonensis,  707* 

ScUotheimia,  671 ;  anguhUi,  671* 

Schoharie,  New  York,  Devonian  sec- 
tions at,  378*,  379^  388* ;  Silurian  at, 
348 

Schoharie  group,  377*,  389^;  fossils  of, 

383* 

SckucherteUa,  337,  360,  433,  559;  an- 
tostriatat  434*;  chemmHgtnsis,  398*; 
creniiiHa,  465*;   inkrsiriaia,  335* 

Schuylkill  River  section,  480* 

Sckwagerina,  493,  545;  beds,  491;  ver- 
becki,  490* 

Schwearinger  slates,  653 

Scolitkus,  44,  234,  583;  linearis,  43* 

Scorpio  after,  149* 

Scorpion-fly,  154  % 

Scorpions,  90;  ancestry  of,  367;  Car- 
bonic, SOI,  580,  582*;  Mesozoic,  749; 
modem,  149*;  Paleozoic,  571,  582*; 
SUurian,  149*,  150,  367,  368* 

Scotland,  Cambrian  of,  246;  Cambrian 
fauna  of  northwest,  231;  Cambrian 
of  northern,  218;  Carbonic  of,  487; 
Devonian  of,  413,  414;  Lower  Car- 
boniferous amphibia  of,  596,  597; 
Mississippian  of,  457.  458*;  Missis- 
sippian  volcanic  rocks  of,  458*;  Old 
Red    Sandstone   of,    372;    Ordovidan 
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cnutacean  of,  146*;  Ordovidan  of, 
257,  266,  294,  20s,  296*;  pipe-rock  of, 
238;  pre-Cambrian  of,  201,  202*; 
Silurian  delta  in,  351*;  Silurian  fos- 
sib  of,  368*;  Silurian  giaptolite  shales 
of  southern,  351*,  353;  Silurian  in, 
3x0,  354;  Silurian  ostraoxt  of,  MS*; 
Silurian  scorpion  of,  149* 

Scuiella,  831 

Scyphomedusx,  91,  99 

Scytalocrinus  rohustus,  470* 

Sea  anemone,  103* 

Sea-cows,  839,  840 

Sea-cucumbers,  Cambrian,  234;  see  Holo- 
thuroidea 

Sea-lions,  842' 

Seals,  841,  842 

Sea-urchins,  90,  749 ;  Jurassic,  677,  678* ; 
see  also  Echinoidea 

Secondary  rocks,  3,  4^  6\  7*,  9,  20, 
604,  605,  683,  '684 ;  see  FlMsg^*»^ie 

Sedentary     benthonic     organisms,     64*, 

65*,  do 
Sedentary  benthos,  64*,  65*,   66*,   67*, 

6q 

Sedgwick,  Rev.  Adam,  13-16,  ai8,  256, 
2S9»  310,  373;  portrait,  11  • 

Sedimentary  rocks,  i 

Selma  chalk,  703,  70s*,  706,  708;  fos- 
sils of,  706,  707* 

Seminula^  496:  argenka,  494*;  trinmieuSf 

46s' 
Senecan  division,  377 
Senonian,    685,    703,    716*,    722*    8i3*; 

fossils,  724*,  735*.  737*,  738* 
Sepia  ojiciiudis,  128* 
Sepioids,  Mesozoic,  748 
Septa  in  cephalopods,  568,  573 ;  in  corals, 

/oj*.-74S* 
Septameroceras  septoris,  365* 
Septastraa  tnarylandica^  824* 
Septum  alar,  104*,  74S*;   cardinal,  X04*. 

745*;  counter,  745* 
Sequoia^  86,  87* 

Series,  geological,  19,  table  facing  20 
Serpuia,     139,     140*;     cowodfUa,    140*; 

tordudiSt     140*;     Umax,     140*;     sep- 

iemsukata,   140*;    socialis,  140*;    spi- 

mla,  140* 
Serivlaria  faUaXy  97* 
Sespe  formation,  704 

Shal-Shal,  Himalaya  Mountains,  Triassic 
..  of,  607* 


Shantung,  Liassic  in,  666 

Shark  River  beds,  78s,  7S7f  table  fadng 
782 

Sharks,  Palseosoic,  593*,  S94>  S95*;  Ter- 

.  tiary,  83s ;  Triassic,  749 

Sharon  conglomerate,  479,  480 

Shasta  series,  709,  710 

Shawangunk  congk>metate,  314,  330*, 
33 1  \  342;  unconformity  of  Hudson 
River  sandstone  to,  293* 

Shawangunk  Mountains,  330 

Sheep,  839,  84a.  843.  846 

Sherburne  sandstone,  jp2,  393* 

Shinarump  conglomerate,  618^  6tQ 

Shoal  River  mari,  table  fadng  78a 

Shrews,  836 ;  Pleistocene,  89s 

Shropshire,  England,  section  of  Silurian 
of,  310* 

Siberia,  Carbonic  in,  487;  Jurassic  flora 
of,  741;  Jurassic  of,  666;  Ordovidan 
of,  2$7,  294-296*, .  299;  Triassic  of, 
623 

Siberian  basin,  Silurian,  corals  in,  350; 
fauna,  Silurian,  353;  faunal  province, 
Silurian,  on  map,  349*,  see  Arctic  & 
Boreal  provinces;  geo^smdine,  217,  487 ; 
platform,  see  Irkutsk  basin     ■ 

Sicilian  formation,  819,  820*,  883,  885, 
table  facing  782 

Sidly,  Quaternary  of,  88s 

Sickar  Point,  Scotland,  OM  Red  Sand- 
stone at,  414* 

Sicula  in  graptolites,  99*,  SS^*1  devekyp- 
ment  of,  S5^* 

Sidneyia  inexpecians,  581*,  582* 

Sierra  Maestra,  Cuba,  Paleooene  uplift 

in.  783 

Sierra  Nevada  Mountains,  formation 
of,  785;  Jurassic  lava  flows  of,  681*, 
682;  Jurassic  of,  653;  Quatemaiy 
alpine  gladers  in,  873 

SigiUaria,  82,  $04.  S^i;  foHta,  504*; 
steUata,  504* 

Sigillarias,  71 ;  Permian,  S'O 

Sigillarids,  extinction  of,  740 

Silesia,  MotkUeaendes,  in,  509 

Silicification,  36;  effects  of,  36;  exces- 
sive, 37 

Silidfied  wood,  section  of,  3s* 

Silicious  sponges,  94*,  95*,  96*;  stmc- 
tures  of  organisms  as  fossils,  37 

Silures,   13,  309,  310;    territory  of  the^ 

12* 
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Silurian,  lo^  3o,  309-371;  algae,  370, 
371*;  bamades,  577*;  blastoids,  369*, 
370;  brachiopods,  317*,  3x8*,  325*, 
328,  329*,  337,  338,  346,  360*.  361  •. 
362*;  Bryozoa,  360;  cephalopods, 
363,  364*,  365*;  characteristic  sec- 
tions of,  314-334;  conularida,  328*, 
363;  corals,  3ao*,  335.  337,  33*,  348, 
3S7-3S9*;  crinoids,  37o*;  Crustacea, 
14s  •,  363.  366*-368*,  577',  578*; 
cystoids,  3I9^  369*,  370;  disturbances 
at  end  of,  3s6,  357;  echmoid,  589*; 
eurypterids,  354,  363*  368*,  592; 
faunal  provinces,  337;  fish,  370;  gas- 
tropods, 362  •,  363*;  graptolitcs,  99*, 
loo*,  318*,  338,  3Sa,  357,  358*;  life 
of  the,  357-371 ;  Lower,  of  Murchison, 
13,  i4»  310;  map  of  outcrops  of, 
in  North  Ameiica,  312?;  merostomes, 
324,  325*;  nautiloids;  130*;  of  Europe 
and  Asia,  350-356;  of  North  America, 
313-350;  ostracoderms,  370;  ostra- 
cods,  325*,  329*,  346,  363,  367*;  pabeo- 
geographic  maps  of,  336*,  339*,  34i*, 
345*.  349*;  pclecypods,  350*,  362*, 
363;  relations  of,  to  older  fonnations, 
313;  scorpions,  367,  368*;  sponges, 
357*,  358*,  546*;  stromatoporas,  359*, 
360,  553*;  system,  13,  17;  trilobites, 
363,  366*,  367*;  Upper,  of  Murchison, 
13,  14,  310;  volcanic  disturbances  in 
the,  356;  worms,  585  • 

Siluric,  20,  309;  su  Silurian  and  Upper 
Silurian 

Silver  of  Cobalt  region,  191 

Simplon  Tunnel,  25 

Sinemurian,  645 

Sinuites  cdnceUatus,  304* 

Siphonal  funnel,  130 

Siphonia,  725 

Siphonocrinus  nohtUs,  369* 

Siphons  of  pelecypods,  116*,  117^ 

Siphunde  in  belemnites,  139* ;  in  cephalo- 
pods,  128*,  131*,  5^8*,  569* 

Sirenia,  840    • 

Siwalik  sands,  human  remains  in,  906* 

Skytic6o8 

Sloths,  836,  840 

Smiloion^  895;  calif omicus,  894^;  neo- 
gaus,  893* 

Smith,  J.  P.,  Triassic  studies  by,  606 

Smith,  William,  9,  438,  643,  683 

Smoo  Cave,  295* 


Snails,  90 

Snakes,  169;  see  Squamata 

Soft  tissues  preserved  as  fossils,  33 

Sckniscus  regularis,  496* 

^pUnockeilfu  coUectus,  572* 

Solnhofen,  Bavaria,  46;  Jurassic  of,  66x~ 
664;  Jurassic  fossils  of,  676^  679*, 
68i*,  742*,  757*,  770*-772*,  774*; 
restoration    of    Jurassic    lagoons     of, 

774* 
Solutrean  culture  stage,   883,  916,    917, 

918 
South    Africa,    pre-Cambrian    glariation 

in,  204,  205 ;  see  Africa 
South  America,  Devonian  of,  416;   early 

mammals    of,    839;  Jurasnlc   of,   654; 

Miocene  in,  791 ;    Pleistocene  ground 

sloths   of,    897*,    898*;     Pennian    of, 

522;  Triassic  of,  625 
South  Carolina,  Miocene  of,  788;   OUgo- 

cene  of,  787 ;  Triassic  of,  610,  611 
South  Dakota,  OUgocene  titanotheres  of, 

855* 
South  Mediterranean  race,  920 
Spain,    Cambrian   of,    219,    239;    Oxdo- 

vidan  In,  297;  Wealden  in,  711-713* 
Spamadan  fosdls,  807* 
Spedes,  6s,  68 
Speeton  days,  714 
Spence  shale,  245* 
Spergen  limestone,  440,  450,  455 
Spermatophyta,  71,  84 
Sphtrechinus,  164* 
Spkarexochks  romingeri^  366* 
Spfuerocodium  gotiandkum,  370%  371* 
Spluarodoma    inlercalare,  526*;    fonder^- 

sum,  39* ;  primigemum,  496* 
SpkterophOudmus  aiaius,  14a* 
Sphagnum,  79 

Sphenodiscus,  732,  747;  pievHsepla,  734* 
SpkenodoH,  751 

Sphenophyllis,  71,  79;  extinction  ol,  740 
SpMnopkyllum,    81,   505;    amgusiifoUutn, 

8o«;  schhtheimi,  9o* 
Spkenopteridium,  471 ;  dissechim,  474 
Spkenopteris,  471,  502,  529;   Indacfyiiles, 

473* 
Sphenatus  teolus,  466^;  coiUrachts,  426* 
Sphex,  154 

Spkyradoceras  desploinauet  365* 
Spicules  of  sponges,  94*,  95  ^  96^ 
Spiders,  go,  iso*-iS2;  Catbonic,  501,  580 

582*;  Mesozoic,  749;  Pabeozoic,  580 
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Spiral  nebulc,  178 

S^irifefy  346,  432,  493,  522;  acuminaius, 
384*;  arenQsus,  380*;  comeratui,  493, 
494*;  centronatus,  465*;  ccncinnus, 
379»  380*;  c4msolfrinus,  424*;  dis- 
jwKtus,  393,  398*;  erien^is,  325*; 
fasciger,  495;  fomacula,  424*;  ^rafiw- 
/05ff5,  425*;  keokuk,  46s*;  '^'^f  308*; 
Miyt,  465*;  /pfafM,  465*;  macro- 
pi^woj  379*;  wtesiccskUis,  398*;  ffM5- 
jTM^wnf,  493t  495*;  M«^0»alM,  383, 
384*,  564*;  mucromUus  series,  564*; 
murchisoni,  380,  381*;  wiagarenxis, 
320*,  321,  360;  perplexa,  494*;  ffliia- 
/fitf,  360,  361*;  scidpUlis,  424*;  5<r»a- 
iKf,  461*;  (0ffMC«fM»j,  461*;  tuUius, 
424* ;  ranfuemi,  328,  329* 

Spuiferina,  468,  632,  640;  rostrata,  114^ 

Spiroioculina,  822;  baderuis,  823* 

SpirorbU,  139.  424.  S83;  ^aJW«.  s8s* 

Spimla,  127,  138,  748;  tew,  130*;  ^i»- 
^      nu,  as  index  fossil,  49* 

Spitsbergen,  Carbonic  of,  491;  Culm  in, 
461 ;  Jurassic  flora  of,  741 ;  Triassic  of, 
623 

Splint  bones  of  horse,  842,  848 

Spokane  shale,  189 

Spondylus  prince ps,  118* 

Sponges,  91,  93;  Cambrian,  543*,  544*, 
545 •»  546*;  Cretoceous,  723,  724*; 
Devonian,  417,  418*,  547*^  Jurassic, 
661,  667*;  Modem,  94 •-96*;  Meso- 
zoic,  744;  Ordovician,  300*,  301,  546*; 
Palaeozoic,  S43*~548;  Silurian,  357* 
358*,  546* 

Spruce  trees,  71,  87* 
^pyrocerets  biiineatnm,  305* 

Squamata,  751 

Squids,  90,  127,  128*,  130,  748 

Squirrels,  839 ;  Pleistocene,  895 

Stampian,  table  facing  782 

Stantonoceras  guadaloupe,  56,  57*;  pseudo- 
costatum,  56,  57* 

Stax-fish,  90;  Devonian,  588*;  Ordo- 
vidan,  308;  Pabeoaoic,  587*,  588*; 
section  of  arm  of,  x6x* 

Star  Peak  group,  624,  652 

Stearoceras  gibbosum,  573* 

Steep  Rock  Lake,  Ontario,  pre-Cam- 
brian  fossils  of,  192,  193 

SUganocrinus  scidphu,  470^ 

Stegocephalia,  x68,  501,  529,  598*,  S09» 


Stegodom,  860     . 

Stegosauria,  768*,  769 

SUgosaurus,    756*;    sienops,    769*;    iff»* 

guloHu,  768* 
Stenogompkus  carleioni,  833* 
Stephanian,  486 ;  quarry  in,  488* 
Step/umoceraSfb'rs',  blagdeni,  672* 
Stephen  shale,   algc  of,   335*;    inverte- 
brates o(.  581*,  582* 
Stettin  sand,  815* 
SiictoporeUa  cribosa,  302* 
SUgmaria,  82,  458,  504*;  Jicoides,  Si* 
Stomatiidc,  746 
StoriMkfpora  ddkahda,  302*,   555*;    fV 

/ato.  S55* 
Stomodsum  in  coral  polsrps,  102*,  103* 
Stones  River  group,  271,  273 
Storo'KarlsO,  Silurian  coral  reef,  351* 
Strachey,  John,  3 
StraparoUinOt  234;  remota,  330* 
StraparoUus  cyclosloma^  437*;   pianispira, 

466*;  spergenensis,  466* 
Stratigraphic    and    topographic    attitude 

of  formations,  38* 
Stratigraphic  geology,  3 
Stratum^  i 
Strebloirypa    kamiltonensist    433*;     nkk- 

fe»,  464* 
Slreplaxis  wktifiddi,  497^ 
Slreptekuma,     104  ^     301;      comicuimm, 

300*;  projundvm,  soo* 
Strepula  piantaris,  432*;  sigmoidest  433* 
Stricklandinia  caskUana,  361* 
Stringocepkalus,  433 ;  burUmi,  435* 
Strobikpis  spinigera,  577* 
Skomatocerium  reef,  379* 
SUronuUopora,    lox,    321,    329;     an$iqua, 

359* ;  reefs,  Monroan,  348 
Stromatoporas,    Ordovician,    553*,*     De- 
vonian, 4x7,  4x8*,  553*;   Missiasippian, 
46s;  Silurian,  359*,  360,  553* 
StromatoporeUa    gramiiala,    418*;     ktber- 

culata,  4x8* 
Stromatoporoids,   91,    103*;    CretaoeoUB, 

725*.  727;  Paleozoic,  553,  553* 
Slrifmbus  pugUis,  135* 
Strongyhcentrotus  drdbachieruis,  66*,  x63* 
Strophaiosia,   S23i   557;    goldfiusi,   534*; 

radicans,  559*;  truncata,  435* 
Stropheodonla,    360,    433,    558;    demissa, 
434*,     56X*;     iowaensis,    434*;    leda, 
561*;     profunda^     561*;      voristnata, 
329* 
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Strophomena,  302,  558;  ^numbonat  303* 

Strophomenoids,  558 

Sirophonelia,    422,    558;     ampiOj    561*; 

reversa,  424* 
Strophostylus  cycloslomus,  362^;     nanus, 

497* 
Structure  of  ciinoidsr  158* 
Styliola,  567 ;  aciada,  126* 
Styliolina     fissurella,     567*;     limestone, 

391*,  437* 
Stylodictyon  columnar e,  4x8* 

Siylonurus,  424;  excelsior,  433* 

Sub-Af tonian  glacial  stage,  866 

SubcarboniferouSk  i($,  45^;  see  Missis- 
sippian 

Sucarnochee  clay,  table  facing  782 

Sudburian,  20,  X93-X95t  198;  series,  on 
diagram,  194* 

Sudbury  nickel  and  copper,  191;  quartz- 
ites,  iQS 

Suess,  Professor  Eduard,  921* 

Summerland,  California,  oil  field,  794* 

Sunbury  shales,  440,  441*,  445 

Sundance  formation,  6s i;  fossils  of  the, 
652 

Supai  sandstone,  484 

Superposition  of  formations,  31 

Supra-Nummulitic  formations,  8jq 

Sus  scrofa,  843* 

Sutures,  ceratitic  type,  498;  in  am- 
monites, 57,  58*;  in  ammonoids,  57, 
S8*,  i33*-i38*;  in  cephalopods,  573; 
in  nautiloids,  130*,  131,  132 

Swabian  Alp,  Jurassic  of,  18,  643,  644*, 
661  • 

Sweden,  Cambrian  of,  219,  239,  241, 
242,  247,  249;  Cambrian  section  of, 
248*;  dreikanter  in  basal  Cambrian 
sandstone  of,  225;  Ordovidan  of,  295; 
Silurian  of,  350,  3Si*.  37i* 

Sweetland  shales,  fish  teeth  in,  443 

Svdndon,  England,  section  at,  605* 

Switzerland,  Cretaceous  of,  684 ;  Permian 
in,  sxi 

SycoiypuSf  827 ;  rugosus,  829* 

Sylvania  sandstone,  344,  347;  erosion 
of,  402 

Symbathocrinus  robustus,  469* 

Synapta  besselii,  x67*;  inkarens,  167  • 

Symdphosura,  579 

Syracuse  salt  series,   314;    works,   343*1 

344* 
Syria,  Cretaceous  fossils  of,  748 


Syringopora,  360,  SS4;    ttnUgms^  dM^\ 

verHciUaia,  358* 
Syringostrama  densum,  418^ 
Syringotkyris,  468 ;  Uxia,  465* 
System  map,  22,  23 ;  see  Geological  maps 
Systems,  ,classificatixm   of   geological,   9; 

geological,  2,   ig;    table  of  geological, 

20 

Tabanus,  154 

Tabulae  in  corals,  J04*,  106 

Taconic    controversy,    260;     Revolution, 

294i  532.  533 ;    system.  X5,  220,  259 
Taconic  Mountains,  259,  294;   rocks  of, 

220;  section  in,  221* 
Tcniodonta,  837 
Tetniopteris  elegans,  641  * 
Taineceras    cavahtm,    572*;     occideniale, 

497* 
T*ai   shan-ho,    Cambro-Ordovidan   lime- 
stone of,  253* 
Takakkawia  Hneata,  545* 
Talahatta  buhrstone,  table  facing  782 
Talchir  conglomerate,  520 
Tapirs,  839.  847,  856,  866,  895 
Tardenoisian  race,  920 
Tarphyceras  seeleyi,  305* 
Tasmania,  pre-Cambrian  tiDite  of,  205 
Taurus  Mountains,   origin  of   sediments 

of,  8iz 
Taxocrinus  commums,  469*;  tkiemn,  470* 
Taxodont  hinge-line,  565* 
Tchemosem,  Devonian  analogue  of,  409, 

440,  441*.  446 
Teeth  of  horses,  849* ;  of  pelecypods,  1x9; 

of  the  Probosddea,  859,  905*;  of  Zen- 

ghdon,  862* 
Teguli/era  deformis,  525* 
Tejon  formation,  792,  794,   table   fadog 

782 
Teiea  polypkemus,  152 *,  153* 
Teleoceras,  857*,  858 
Teleodesmaceae,  746 
Tdeosaurus,  679;  caiomensis,  755* 
Teleosts,  750;   Cretaceous,  736;  Jurassic, 

679;  Tertiary,  83s 
Temnocheilus  forbesianus,  572* 

Tennessee,  Cretaceous  in,  705;  Mis- 
sissippian  of,  445,  453 ;  phosf^te  beds 
of,  446;   section  of  Ordovidan  in,  292* 

Tennesseean  series,  454 

TentaculiieSj  90,  363,  567;  fyracanikuSf 
328* 


J 
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Tepee  Buttes,  701,  70a* 

TerebeUa  lapUhides,  140* 

Terebra  maculosa,  135* 

TerebrateUa  plicaia,  726* 

TerehrahUa,  633,  640,  667,  824;  ii^kya, 
669*;  grandis,  825*;  koHam,  7i6*; 
pkiUipsi,  669*;  vulgaris,  631* 

Terebrahdina  atlatUka,  726* 

Terebratuloid  group,  562,  74s 

Trrmes,  isf* 

Terminal  moraine,  see  Moraine 

Termites,  Jurassic,  679 ;  nests,  44*,  45* ; 
recent,  44.  45f  151* 

Terrestrial  orsanisma,  6q 

Tertiary,  8,  9,  20,  779^863;  amphibians, 
835;  Andean  Chain,  784;  and  Qua- 
ternary of  England,  on  map,  12*; 
Atlantic  coast,  786 ;  birds,  836 ;  brachio- 
pods,  824,  825*;  BryoKoa,  113*; 
Caribbean  region,  788;  cephalopods, 
831,  832*;  conventional  map  colors 
for,  23;  corals,  823*,  824;  correla- 
tion, table  facing  782;  Crustacea,  831, 
832*;  echinoids,  831,  833*,  834*; 
fish,  835*;  Foraminifera,  821-823*; 
gastropods,  827*-83i*;  Gulf  coast, 
783,  786;  insects,  831,  833 •;  inter- 
montane  basins  of  the  western  United 
States,  799,  800;  Later,  of  Europe, 
Asia,  and  Africa,  816-820;  mammalian 
migrations,  840;  mammals,  836-863; 
Older,  of  Europe,  Asia,  and  Africa, 
804-815:  pelecypods,  745.  746,  824, 
825*;  Radiolaiia  from,  93*;  reptiles, 
835*;  rocks,  J,  6;  rock-salt  of 
India,  255;  Rocky  Mountain  region, 
784;  Salt  Range,  819;  scorpion,  149*, 
150;  systems,  779-820;  volcanism, 
785;  West  Coast  geosyncline,  792; 
West  Coast  Ranges,  784 

Teslacella,.  126* 

Tethys,  626*,  629,  632;  Cretaceous, 
721,  722,  723;  Jurassic,  655;  Permian, 
on  map,  515*;   Triassic  fauna  of,  633, 

634 
Tetrabranchiata,  90,  127 
Tetractinellid  qx>nge,  95* 
Tetradium   ceUuhsum,    300*;    adumnofe, 

301';  synngoparoides,  301* 
Telragraptus,  267,  295,  549,  551*;    bryo- 

noides,    266*,    551*;    quadribra^kialus, 

5So» 
Tetralophodon,  96; 


Tetralophodonts,  860,  86x 

Teiranota  sexcarinala,  304* 

Tetraseptata,  9X1  104,  744:  <m  Corals^ 
and  Anthozoa 

Tetraxonida,  91 

Teutonic  race,  920 

Texas,  Cambrian  of  central,  223;  Car- 
bonic nautiloids  '  of ,  57a*;  Coman- 
chean  of,  684,  687,  689**  691,  692; 
Cretaceous  in,  697,  698;  Jurassic  in, 
645,  646;  Miocene  elephant,  of,  861*; 
pre-Cambrian  of,  199 

Textularia,  723,  724* 

Thalessa,  153* 

Thallophyta,  71  72 

Thallus  of  plants,  72 

TkaMnastraa,  639*  667;  prolijera,  668* 

Tkamniscus  furcUlatus,  464* 

Thanetian  beds,  813*,  table  facing  782 

Thaynes  limestone,  620 

Theca  in  corals,  105*,  lop,  744>  745*; 
in  graptolites,  s^fo* 

Thecidium  digitalum,  726* 

Thecosmilia,  63Q '667 ;  Irkkotoma,  66^^ 

Theory  of  recapitulation,  55;  demon- 
strations of,  55-60 

Theresa  dolomite,  section  of,  286* 

Theriodonta,  602*,  603,  754 

Theromorpha.  170,  754 

Theropoda,  758,  759*,- 760*,  761* 

Tkinopus  anljquus,  435*,  436,  596 

Thompson  limestone,  652,  653 

Thorold  quartzite,  314,  315*,  317,,  324*, 

334 

Thousand  'Island  region,  Theresa  dolo- 
mite of.  286* 

Thrincoc^as  depressmm,  S72* 

Thuringia,  Triassic  of,  631* 

Thuringian  Forest,  4,  6,  7* 

Tian-Snan  Mountains,  MississimMan  in 
the,  462 

Tibet,  Permian  in,  520;  Triassic  of,  623 

Tibia,  849 

Tigers,  841 

Till,  glacial.  Quaternary,  865 

Tillite,  Huronian,  192,  193,  204 

Timor,  Lias  in,  666;  Permian  in,  520 

Tinker's  Falls,  near  Tully,  New  Yoric, 
section  at,  391  * 

TirolUes,  620 

Titanickikys,  593 

Titanotheres,  847,  ^5^856;  Eocene, 
853*;  Oligocene,  854*,  855* 
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Tithonian    fonaation,    666;     fossib    of, 

668*,  66g*,  674* 
TUytu  logenus,  149* 
Toardan,  645 
TcMubigbee  sand,  70s,  706 
Tonto  sandstone,  190*,  252* 
Tarmceras- simpiex,  439* 
Toro  limestone,  tabk  facing  782 
Torquay,     England,     Devonian     aecdon 

at,  373* 
Tonejon  fonnation,  table  facing  782 
Torridon  sandstone,  201,  202^ 
Tounmi  stage,  463 
Toumaislan,  459*,  460 
Trachea,  155 
TrackodoH,    34,    7j(^*;     annectens,    766*, 

767*,     and     Frq|itispiece;     mummy, 

34.  767* 

Tracks  as  fossils,  39,  ^\* 

TraU  fonnation,  652,  i^(j 

Trails  as  fossils,  41  *,  4^ 

Trans-Indus  region,  MioQcne  in,  819 

Transition  rocks,  8,  9,  3q    . 

Trans-Pecos  region,  Permit  of,  518 

Traverse  fauna,  447,  44$;  Peak  sand- 
stone, 689* 

Tremadoc  beds,  247-249,  ^$3*  2S4.  295; 
appearance  of  starfish  in,  |87 

Trematis,  557 ;  mtUepunctatg^  303^ 

Trematonotus  alpfutuf,  363* 

Trent  marl,  table  facing  782 

Trenton  limestone,  183,  26^  274,  282, 
28s,  288;  fossils  of,  263-165*,  557*; 
inflection,  221*, ^60*,  265*,  *79*f  282*, 
283*,  286*,  287*;  -Lorraine  hfids,  fossUs 
of,  557*;  relation  of  Utica  shale  to, 
288*,  390*;  time,  mapof«  278^ 

Trent  River,  874 

Trepospiraf  498;  iUinoisensis,  496;  spka- 
rulatat  496* 

Trepostomata,  556 

Ttiarthus,  282;  becki,  143*,  263 

Trias,  606 

Triassic,  3,  7*,  18,  20,  30,  604-642 ;  aJgs, 
634*1  639;  ammonites,  133*,  134;  am- 
monoid,  607*;  amphibia,  641;  am- 
phibians, tracks  of,  628*;  brachiopods, 
631*,  639*;  cephalopods,  -621,  633^ 
634*.  ^30**  640;  ceratites,  633*.  634*; 
classification  of,  608;  coal  in  Mexico, 
624;  Colorado  geosyncline,  621;  coni- 
fers, 641*,  642*,  741;  continental  de- 
posits in  easterq  North  America,  origin 


of,  61S* ;  conventional  map  colors  for,  33 ; 
corals,  639;  cnnoid,  632*,  641;  croco- 
diles, 641;  Crustacea,  144*,  63s*,  641; 
cycads,  625,  641*,  642*;  deposits  in 
Cordilleran  piedmont  basin,  617;  de- 
posits in  United  States,  617 ;  dinosaursi* 
641,  756*,  757.  758*;  echinodeims,  740; 
echinoids,  641 ;  English,  605* ;  equisetic. 
741;  fcms,  641*,  642*,  741;  fish,  169', 
610*,  641,  749,  750;  flora,  741;  foasfl 
foot-prints  of,  39, 40*,  42 ;  ganoids,  610*, 
641;  gastropods,  640;  lavas,  611*,  612*, 
6x3*;  lava  sheets,  minerals  in,  6x4, 
615;  mammals  777*.  778;  nautilnids, 
639*,  640;  origin  of  name,  605;  paheo- 
geographic  maps  of,  623*,  626*,  630*; 
pelecypods,  624*,  631*,  635*,  639*. 
640;  phyllopods,  641;  plants,  64  x^ 
642*;  relation  of,  to  old  rock,  606- 
608;  reptiles,  602*,  603,  641,  751- 
755*;  volcanism  in,  613 

Ttiazonida,  91 

Tribes  Hill  ddomite,  in  section,  272* 

Triblidium  catntxtim,  230* 

THceratops,  736,  756*.  761*,  770*;  prar- 
««.  769* 

Trichocnemis  aUcna,  833* 

TricailocTWUS  woodmani,  471* 

Triconodonta,  777 

Tridacna  squamuna,  119* 

Trigoma,  652 ;  maris,  670* 

Trilobites,    140-143;     Cambrian,    232*- 

235*,  573*-575*;  Carbonic,  498,  499*; 
Devonian,  384*,  422,  431*;  Missis- 
sippian,  468*,  469;  Ordovidan,  269*, 
264*,  294*,  296*,  299*,  306*,  308; 
Palaeozoic,  574*;  Permian,  525;  Si- 
lurian, 363,  366*,  .367* 

TriiocuUnaf  822 

Trilcpkodon,  860;  productus,  861* 

TrimereUa  okioensis,  362* 

Trinidad,  asphaltum  of,  790,  791;  C>^ 
taceous  in,  697 

Trinil  Man,  883.  905-^7 

Trinity  formation,  687,  6gi;  relat^ 
of,  to  Fredericksbuzg  formation,  68q*; 
group,  686 

Triniideus,  263,  298,  308;  amcenlncflh 
364*;  goldftusi,  299*;  limestone,  No^ 
way,  299* 

Tripolite,  Radiolaria  in,  93 

Triton  corrugatus,  122^ 

Trituberculata,  778 
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Ttityhdtm  hngesviu,  foa* 

Trock9C€raSt     363;     desplainetue,     36s*; 

gMardi,  364* 
TrockMes  pUnorbiformiSf  305* 
Trockus  nih^icus,  125* 
TroQStocriHtUf  370;  reimoatdii,  369* 
rr0>i(es  ni&6til/a/«f,  58*,  136* 
Tropidokptus  cqHnatus,  383,  3^4* 
Troro  aand-plaiiiB,  878 
TMpora  musiea,  no* 
Tulare  fonnation,  795 
Tutip  trees,  Cretaceous,  744 
TuUy  limestone,  377f  39i*»  392,  398 
TuUy,  New  York,  quarry  at,  393* 
Tuloloma  hetnien,  831* 
Tundra,    Pleistocene   anlmab    of,    90t*, 

905 
Tupiu  penmomts,  584* 
Turbarian  glacial  stages,  883 
Twrhinoliat  824 ;  sulcaia^  823* 
Turbonopsis  shumardi,  427* 
Turkey,  Miocene  in,  818 
Turonian,  4,  685,  703,  716*;  fossils,  727*; 

of  Mexico,  687 
TuniUpas,  sii 
TwrUiUi    broMainsis,     733*;     catemUus, 

732* 
TurriteUa    aquistriaia,     837*;      apkalis, 

827*;    cathedralis,  125*;    cumberhndia, 

827*;    imbricaiay  125*;    indenia,  827*; 

Morlffiif,  38*,  827*;   peraUenuaia,  827*; 

^6fM,  827*;  iii^afinM^a,  827^* 
Tnrriioma  acrea,  270* 
Turtles,   169;    Jurassic,  666,  679,  681*; 

Tertiary,  835*;  see  Chelonia 
Tuscahoma  formation,  table  fadng  782 
Tuscaloosan  formation,  703,  70s* 
Tuscarora  sandstone;  333,  335 
Twin  Creek  formation,  6so 
TyhsauruSt  752* 
Type  sections,  20,  30 
Tyrannosaurus,    756*,    761*,    767;     rex, 

7S8,  760* 
Tyrol,  Dolomite  reefs  of,  633  *,  634* 
Tyrrhenian  peninsula,  626,  630,  632 
Tysonia  marylandka,  85* 

Unita  basih,  800 

Uintacrinids,  749 

UiniacrinuSf  734;  socialis,  738* 

Uinta  formation,  table  fadng  782;   fossil 

horse     from,     850;      quartzite,     187, 

?4$,  246^ 


Uinta  Mountains,  pre-Cambrian  of,  187 
Uimaikerium,  838 

UUmannia,  51a,  539;   pkaiaroides,  5x3* 
Ulna,  849 
Ulrich,  E.  O.,  254 

Ulsterian  division,  377  , 

Ulva,  74 

UncintUus,  563;  sirickiandi,  361* 
Unconformities,   31;  at  base  of  Paleo- 
zoic,     181-186;       Ordovidan-Silurian, 

336*-33i*.  377* 

Ungulate  837,  839,  842-858;  digiti- 
grade,  842;  plantigrade,  842;  un- 
guligrade,  842 

Unidinal  mountain,  relation  of  stratig- 
raphy to  topography  in,  28* 

Umo,  120,  619,  641,  665,  71Z,  734;  belU' 
plicatus,  739*;  kotmesianuSt  739*; 
radiatus,  51*;  veiuslus,  739* 

Unitrypa  scaiaris,  423* 

Universal  formations,  7 

Unkar  formation,  tgo^ 

Unter-KarboH,  17 

UfUer-Kreide,  18 

Upper  Cambrian,  190^  347;  Padfic 
Province,  250 :  u»  Cambrian 

Upper  Carboniferous,  17,  20;  see  Carbonic, 
and  Pennsylvanian 

Upper  Cretaceous,  ao:  see  Cretaceous, 
and  Cretadc 

Upper  Qrdovidan,  184:  see  Ordovidan, 
and  Silurian 

Ural  Mountains,  development  of,  535; 
Devonian  rocks  of,  37$;  Mississippian 
in,  460;  Permian  of,  17,  507,  510,  5x1 

Ural-Timan  region,  Carbonic  of,  491 

Urgebirge,  3, 4*,  6*-9;  see  Primitive  rocks, 
and  Primary  rocks 

Urochs,  892,  898,  899* 

Urocyon,  893 

Urodele,  750 

Ursus  Major,  spiral  nebula  in,  179* 

Usnea,  79 

Utah,  Cambrian  of,  222,  344;  Jurassic 
of,  649*,  650;  Permian  phosphate 
beds  of,  5x8;  Pleistocene  lakes  of, 
879;  Triassic  red  beds  of,  617,  620 

Utica  shales,  221*,  260,  2(5.?,  279*,  286*, 
389*;  fossib  of,  263,  282,  283*;  re- 
lation of  Trenton  limestone  to,  288^ 
290* 

Utica-Trenton    replacing    9verlap,    387^ 


.*• 


390*;  scnes,  391 
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Vaginoceras  commune,  569* 

Vagrant  benthonic  oiganismfl^  64*,  67  *» 

68*,  69 
Vagrant  benthos,  9$ 
Valanginian,  685,  712 
Vale  of  Eden,  England,  section  ci,  4S7* 
Valves  of  brachiopods,  113-115* 
Vancouver   lalandt   Oetaceous  of,   710; 

Triassic  of,  623 
Vantixem,  Lardner,  15 
Vaqueros    formation,    7Pi,     794;     table 

facing  782 
Varanger    fjord,    Norway,    glacial    striae 

on  rocks  of,  206*,  207 
Varieties,  6s 
Varisdan    chain,    507,    SoS*,    509,    5"> 

535, 62s ;  formation  of,  492 
Vaughan,  T.  W.,  cited,  789 
Vauxia  graciUnta,  544*;  hindii,  $43* 
Venericardia,     826;      plamcosta,      825*; 

smitki,  825* 
Venezuela,    Comanchean   in,    687;    Cre- 
taceous in,  697 
Ventral  valve,  113,  114*,  115* 
Ventriciditts,  725 ;  simplex,  724* 
Venus,   826;    mercenaria,   825*;    paphia, 

119* 
Vera  Cruz,  Mexico,  Eocretaceous  in,  687  ; 

Liassic  in,  646 
Vermes,  90 ;  see  Worms 
Vermetus  lumbricalis,  125* 
Vermicular  rock,  46 
VermiHon  Cliff  beds,  648 
Vermont,  Cambrian  basal  sandstone  in, 

238;  Cambrian  of,  246;  Ordovician  of, 

262;     Taconic    Revolution    in,     294; 

Taconic  ^stemof,  220 
Vernon  red  shale,   3x4,  340;    origin  of, 

342 
Vertebrata,  90,   167-172:    appearance  of 

l^iid,  595;  collecting  remains  of,  799*; 
Comanchean,  736;  Cretaceous,  736; 
evolution  of,  595,  596;  Jurassic,  679*- 
681*;  Palaeozoic,  S9i*-6o3*;  preserva- 
tion of,  37,  38 

Vespa,  153* 

Vesuvius,  burial  of  cities  by,  45 

Viburnum  newherrianum,  743* 

Vicksburg  limestone,  787,  789,  table 
facing  782 :  fossils  of,  824* 

Victoria,  Australia,  Mississippian  in,  462 

Vienna  basin.  Tertiary  of,  8x8* 

Wlafranchian,  883,  885 


Vindebonian,  table  facing  782 

Vindelidan  chain,  626,  627,  629,  632, 
7x2,  7x4,  720;  disappearance  of,  655; 
land  mass,  8x1;  land  mass,  Tcrtiaiy. 
805 

Vinella  repens,  302* 

Vineyard  Haven,  Masaadiusetta,  wharf 
piles  at,  64*,  65* 

Virgaiiies  virgahu,  674* 

Virginia,  Eocene  of,  787;  Mississippiaii 
of,  451,  453*;  Pennsylvanian  of,  479» 
48X;  rock  salt  of,  451;  West,  Penn- 
sylvanian of,  479,  481 

Virglorien,  607  * 

Viigula  in  graptoUtes,  gg*,  551^ 

Vis^an,  459*,  4Q0 

Vis£  stage,  462 

Viviparus,    6x9,    665,    734,    827,    ajx*; 
conradi,  739* 

Vogt,  Carl.  55 

VolborthelUi,  234,  567 ;  tenuis,  568* 

Volcanoes,  Cretaceous,  738;  Tcrtiaiy,  79$ 

Volgian  formation,  666 

VoUzia,  628,  64X ;  keteropkyUa,  til* 

VolutUitkes,  827 ;  petrosus,  830* 
Vosges     Mountains,     tMiiegenia 

509 ;  Triassic  in,  627 
Vosgian  sandstone,  6o8»  627 
Vulpes,9g3 

Waageneceras,     525;     atmmmsi,    597*; 

kiUi,  527* 

Waccamaw'beds,  788,  table  facing  782 

Wakkia,    529;     difusus,    642*;     pimi 
formis,  528* 

Waloott,  Charles  D.,  Cambrian  studies 
by,  223 ;  dted,  193,  538 

Waldenbuxgian,  486,  491 

Waldkeimia  Jlavescens,  114* 

Waldron  shale,  fossils  of,  367* 

Wales,  ancient  rocks  of,  9;  Cambrian 
fauna  of,  231;  Cambrian  of,  21S,  239, 
24X,  247;  cross-section  in,  10^;  Gray- 
wackes  of,  13-14;  Mississippian  of, 
460;  Old  Graywacke  series  of,  256; 
Ordovician  of,  256,  294,  298;  pre- 
Cambrian  of,  10*;  SUurian  graptofite 
shales  of,  352 ;  Silurian  of,  309^  310 

WaUace,  Alfred  Russel,  61 

Walruses,  842 

Waltershausen,  Germany,  rocks  at,  7* 

Wappinger  Valley,  New  York,  Cambiiui 
basal  sandstone  in,  238 
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WapUafieldensis,  576* 

Waputikia  ramosa,  $59* 

Warsaw  beds,  440,  444*;  fossils  of,  464*, 

465*,  471*,  472* 

Wasatch  basin,  800 

Wasatch  beds,\table  facing  782;  fossils  of, 
848*;  mammals  of,  837*,  838 

Wasatch  Mountains,  formation  of,  785; 
Pennsylvanian  in,  486 

Washakie  basin,  800 

Washakie  beds,  table  facing  78a;  mam- 
mab  of,  838* 

Washington,  Jurassic  in,  653 

Washita  limestone,  686,  687,  69a;  fos- 
sils of,  693*,  7  a6*,  737* 

Watchung  Mountains  trap  sheet,  611* 

Watertown,  New  York,  Ordovidan  sec- 
tion at,  a8o* 

Water-vascular  system  in  starfish,  161*, 

163 
Watkins  Glen,  New  York,  Devonian  in, 

396* 
Waucoba  Springs,  a37 

Waucobian,  336,  237,  339 

Waverly  group  of  Ohio,  440,  445 ;  fossib 
of  the,  465*,  468*-470,  47a* 

Waverlyan  seriira,  449,  454,  455 

Weaklen,  zz,  683,  7Z0,  7zz*;  delta,  711* 
713*,  714;  fossils,  734,  750,  765*.  774; 
section  of  the,  7Z3* 

Weber  oonglomezatey  4^4 1  quartzite, 
erosion  of,  6a4 

Weisliegendes,  $06 

Wellfleet  sand-plaids,  878 

Wenlock  edge,  in  section,  3x0*;  lime- 
stone,   fossps    of,    358*,    359*1    366*, 

367* 
Werner,  Abraham  Gottlob,  4>  6,  7*  605, 

683,  779 
West    Coast    geosyncUne,    Tertiary    of, 

792-796 

Western  North  America,  Triassic,  616 

Western  Rocky  Mountain  Region,  ex- 
posures of  pre-Cambrian  Rocks  in,  i8> 

West  HiU,  Schoharie,  N^  York,  De- 
vonian section  at,  388* 

West  Humboldt  Range,  Nevada,  Triassic 
of,  6a4 

West  Indies,  Comanchean  of,  688;  Cre- 
taceous in,  733 

Westphalia  coal,  488,  489* 

Westphalian,  486 

West  Rock  trap  sheet,  61 1* 


Wetterstdn  limestone,  636* 

Weybom  Crag,  883 

Weymouth,  Massachusetts,  Cambrian  of, 

aax 
Whales,    839,    840,    861;     baleen,    86a; 

^)erm,  862 
Whin  Sill,  England,  456,  457*,  459 
Whirlpool   sandstone,    3x4,    3Z5*,    333*, 

324* 
Whitby,  EngUnd,  jet  of,  658 
White  Cliff  sandstone,  6^^ 
White  Jura,  661 ;  sec  Jura 
White  Pine  shales,  485 
Whorls  of  gastropod  shells,  I2t 
WkitfitldeUa,  357.  346,  564;   ni*i^  360^: 

sulcata,  325* 
WielanditUa,  641 
Wilbur  limestone,  314,  330* 
Wilcox  group,  787,  taJbk  facing  78a 
Williams,  H.  S.,  439 
WiUiamsoHiOf  641 
WilliamsviUe,  New  York,  Onondaga  cotal 

reef  at,  406* 
Wilsonia,  56a 

Winchell,  Professor  Alexander,  portrait,  x6* 
Windom  shale,  437* 
Wind  River  basin,  800 
Wind  River  beds,  table  facing  78a ;  fossils 

of,  851* 
Wisconsin,    basal   Paleozoic   contact   in, 

X84,    185*;     Cambrian   of,    aa3,    25X; 

driftless  area,  87  x;    drumlins  of,  865; 

glacial  stage,  866;   St.  Peter  sandstone 

in,  273 ;  Silurian  of,  335 
Wolves.  841,  893 
Woodocrinus  aqualis,  469* 
Woods  Hole,   Massachusetts,  illustration 

of   sea-bottom   at,   67*,   70;    terminal 

moraine  of,  868*,  869 
Woodside  shale,  620 
Worm    castings    as    fossils,    46;    tubes, 

fossil,  139,  X40* 
Worms,    90,    139-140;     Cambrian,    234, 

243*,  244*,  585* ;   Devonian,  424,  43a*; 

Ordovician,     585*;   .  Palaeozoic,     583- 

585*;  Silurian,  585* 
WortheneUa  cambria,  244* 
Worthenia,  498 ;  tabulata,  496* 
Wortkenopora  spinosa,  464* 
Wurmian  glacial  stage,  883 
Wyoming.   Comanchean   fossils  of,   758- 

762,   777,   778;    Cretaceous  of,   699*; 

Eocene  mammals  of,  837**  838*;   Ju- 
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of,  650;  Pabeocene  foesUs  of, 
833*;  Palaeocene  of,  7g8*;  Pennian 
phosphate  beds  of,  5x8;  TtiaaBic  of, 
6ao 

Xiphosura,  579 

Yangtze  CaAon^  pre-Ounbriaii  or  Oeuh- 
brian  glacial  deposits  of,  204*,  aos^ 

Yarmouth  interglacial  stage,  866 

Yegua  formation,  table  fadng  78a 

Yellowstone  Park,  silicified  forest  of, 
8oo*,  803 

Yews,  71 

Yoldia,  884;  artica,  870*;  clays,  879; 
Sea,  884,  885** 

Yoredale  series,  457%  4SQ,  48t 

Yorkshire,  Pennian  of,  514^ 

Yunnan,  Permian  in,  520 

Yprdsian,  table  fadng  78a 


Zacatecas,  Mexico,  Ctetaceous  of,  687 
Zamia  integrifoUa^  83*;  spir^Us,  84.* 
ZamiUSt  667,  774*;  femeoms,  84' 

detUalis,  649* 
ZapkrenHs,    104*,    381,    4x7; 

4I9*;  pmiifica,  sl^z* 

Zebra,  854 

Zechstein,  7*,  t8,  506;  biyocoan  from, 
II2*;  fish,  512*,  513*;  foasUa,  5*4 *» 
525*;  ganosds  of  the,  595;  salta»  506; 

Sea.  S14.  515* 
Zeu^odon  eeioides,  862^ 
Zeugiodonts,  862* 
Zittel,  Karl  A.  von,  portrait,  171^ 
ZoGcda  in  Bryozoa,  xii,  X12* 
Zufii  Plateau,  New  Mexico,  Peim^ylvaiiian 

of,  486 
Zygospira,    564;     modesta,    303*.     563*; 

recurvirostra,  303^ 
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